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Résumé / Abstract 
 
Par des méthodes non paramétriques adaptées de Guerre et al. [2000], nous évaluons la 
distribution des coûts et les rentes informationnelles correspondant à 666 contrats de 
déneigement mis aux enchères par la Ville de Montréal. Les résultats sont conformes à la 
théorie des enchères concurrentielles : corrélation positive entre soumissions et coûts; rentes 
croissantes avec la variance des coûts et décroissantes avec le nombre d’enchérisseurs. Tant 
les soumissions que les coûts diminuent au cours de la période, tandis que les rentes sont 
stables. Ces résultats sont à mettre au crédit de la Ville : elle a su exploiter les économies 
d’échelle sans réduire la concurrence, et susciter un progrès technologique plus élevé que la 
moyenne nationale grâce au découpage des territoires. 
 
Mots clés : enchères d’approvisionnement, estimation non paramétrique, 




Using nonparametric estimation techniques adapted from Guerre et al. [2000], we infer cost 
distributions and informational rents, from 666 snow removal contracts offered for tender by 
the City of Montreal. Our results are compatible with standard received theory of competitive 
auctions: there is a positive correlation between costs and bids; rents increase with the 
variance of costs and decrease with the number of bidders. Bids and costs have decreased 
over the sample period, while informational rents remained stable. The City deserves credit 
for these results. It has succeeded in exploiting economies of scale while maintaining 
competition; and it was instrumental in promoting above Canadian average technological 
progress by its design of snow-removal territories. 
 
Keywords: procurement auction, nonparametric estimation, informational 
rents, task design, municipal contracts. 
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Vqrz uhprydo lv dq lpsruwdqw dfwlylw| iru wkh Flw| ri Prqwuhdo1 Dssur{lpdwho| 5/333 nlorphwhuv ri
vwuhhwv dqg 6/833 nlorphwhuv ri vlghzdonv duh fohduhg diwhu hdfk vqrzvwrup1 Hyhu| |hdu/ rq dyhudjh
:/833/333 fxelf phwhuv ri vqrz duh uhpryhg dqg fduulhg wr vqrz gxpsv1 Wkh exgjhw iru vqrz uhprydo
zdv ’85 ploolrq lq 4<<;/ dffrxqwlqj iru derxw 6( ri wkh wrwdo exgjhw ri wkh Flw|1 Frqvlghulqj wkh kljk
frvw ri vqrz uhprydo/ wkh Flw| zdqwv wr pdnh vxuh wkdw lw ex|v rxwvlgh vhuylfhv dw plqlpxp frvw> lw
qhhgv wr nqrz idluo| dffxudwho| wkh frqwudfwruv* dfwxdo frvwv1 Rqh zd| wr jhw wklv lqirupdwlrq lv iru wkh
Flw| wr fduu| rxw vrph ri wkh zrun lwvhoi/ dv lw grhv/ zkloh frqwudfwlqj rxw wkh uhvw wr sulydwh vxssolhuv1
Wklv nlqg ri ehqfkpdunlqj kdv lwv olplwv/ krzhyhu/ ehfdxvh d pxqlflsdolw| lv riwhq ohvv h!flhqw wkdq
wkh sulydwh vhfwru lq surylglqj sxeolf vhuylfhv1
Lw lv zhoo nqrzq wkdw/ xqghu frqglwlrqv zklfk lqfoxgh v|pphwu| dprqj elgghuv dqg wkh devhqfh
ri frooxvlyh ehkdylru dprqj vxssolhuv/ dssursuldwh dxfwlrqv lqvxuh wkdw wkh prvw h!flhqw vxssolhu lv
vhohfwhg dqg wkdw wkh uhqw ohiw lq wkh kdqgv ri wkdw vxssolhu e| wkh dxfwlrqhhu lv plqlpl}hg/ jlyhq wkh
qxpehu ri elgghuv1 Rqh pd| zrqghu wkhq/ zk| lw lv ghvludeoh wr nqrz pruh derxw frqwudfwruv* frvwv1
Rqh lpsruwdqw uhdvrq lv wkdw wkh gh￿qlwlrq ri wkh vhuylfh wr eh frqwudfwhg rxw pd| vxevwdqwldoo|
d￿hfw lwv frvw1 Iru lqvwdqfh/ wkh pdsslqj dqg wkh vl}h ri wkh whuulwrulhv vshfl￿hg lq wkh frqwudfwv d￿hfw
wkh vfdoh ri vqrz0fohdulqj dqg wkh glvwdqfh wr wkh vqrz gxpslqj vlwh1 Nqrzohgjh ri vxfk uhshufxvvlrqv
pd| khos wkh pxqlflsdolw| vwuhdpolqh lwv vqrz uhprydo dqg wudqvsruwdwlrq rshudwlrqv1
D vhfrqg lpsruwdqw uhdvrq lv wkdw wkh vl}h ri wkh whuulwrulhv pd| wuljjhu lqqrydwlrqv1 Frqwudfwruv duh
jlyhq wlph olplwv wr fohdu vfkrro dqg krvslwdo duhdv diwhu d vqrzvwrup/ wkhuhiruh wkh odujhu wkh whuulwrulhv
wkh pruh h!flhqw wkh pdfklqhu| kdv wr eh1
Ilqdoo|/ d wklug lpsruwdqw uhdvrq wr vhhn nqrzohgjh ri frqwudfwruv* frvwv dqg uhqwv lv wkdw udwlrqdo0
l}dwlrq ri wkh zrun ehlqj dxfwlrqhg rxw pd| kdyh dq lpsdfw rq frpshwlwlrq lq wkh dxfwlrqlqj surfhvv1
Wkh Flw| pd| iru lqvwdqfh uhgh￿qh lwv whuulwru| vxeglylvlrqv lq vxfk d zd| dv wr uhds hfrqrplhv ri
vfdoh dqg lqgxfh whfkqrorjlfdo surjuhvv1 Dq h{wuhph fdvh zrxog eh wr kdyh rqh vlqjoh whuulwru| dqg
ghohjdwh wkh dfwlylw| wr d vlqjoh vxssolhu1 Vxfk d sudfwlfh/ krzhyhu/ lv olnho| wr d￿hfw pdunhw vwuxfwxuh1
Zkhq frphv wkh wlph wr uhqhz wkh frqwudfw +vd| hyhu| ￿yh |hduv,/ ihzhu ￿upv zrxog eh elj hqrxjk wr
4sduwlflsdwh/ exw wkhuh zrxog dovr eh ihzhu whuulwrulhv wr frpshwh iru1 Wkhuhiruh wkh ohyho ri frpshwlwlrq/
dqg wkh uhqw wkdw wkh zlqqlqj ￿up frxog uhds iurp wkh frqwudfw/ zrxog eh d￿hfwhg41 Wklv vxjjhvwv d
srwhqwldo wudgh0r￿ ehwzhhq frpshwlwlrq dqg hfrqrplhv ri vfdoh1
Zh sursrvh wr lqihu wkh frqwudfwruv* frvwv/ dqg wkh uhqwv wkh| rewdlq/ xvlqj dq hfrqrphwulf prgho
ri dxfwlrq elgglqj dssolhg wr gdwd rq sulydwh elgv iru vqrz uhprydo frqwudfwv dxfwlrqhg r￿ e| wkh
Flw| ri Prqwuhdo rq 94 surfxuhphqwv ehwzhhq 4<<3 dqg 4<<;1 H{lvwlqj wkhruhwlfdo uhvxowv rq elgglqj
vwudwhjlhv/ elgglqj uhqwv dqg rswlpdo surfxuhphqw uho| rq wkh xqnqrzq glvwulexwlrq ri sulydwh ydoxhv
+sulydwh frvwv lq wkh suhvhqw frqwh{w,1 Hpslulfdo zrun lv wkhuhiruh qhhghg wr hydoxdwh wkh shuirupdqfh
ri vxfk d surfxuhphqw phfkdqlvp dqg wr surylgh lqvljkwv lqwr zd|v wr lpsuryh xsrq lw1 Rxu zrun lv
d frqwulexwlrq lq wklv gluhfwlrq1 Iurp d wkhruhwlfdo prgho/ dgdswhg iurp Uloh| dqg Vdpxhovrq ^4<;4‘/
zh ghulyh d vwuxfwxudo hfrqrphwulf prgho iurp zklfk wkh frqwudfwruv* frvwv/ frvw glvwulexwlrq dqg uhqwv
fdq eh frpsxwhg1
Wkh hvwlpdwlrq udlvhv vhyhudo hfrqrphwulf lvvxhv/ zklfk kdyh ehhq h{dplqhg e| Sdduvfk ^4<<5‘/
Grqdog dqg Sdduvfk ^4<<6/ 4<<9‘/ Ioruhqv/ Kxjr dqg Ulfkdug ^4<<:‘/ Nudvqrnxwvnd|d ^5335‘/ Mriuh0
Erqhw dqg Shvhqgruihu ^5336‘ dqg Iodpedug dqg Shuuljqh ^5337‘ lq wkh frqwh{w ri surfxuhphqwv dqg
e| Od￿rqw dqg Yxrqj ^4<<6‘/ Ho|dnlph/ Od￿rqw/ Orlvho dqg Yxrqj ^4<<7‘/ Od￿rqw/ Rvvdug dqg Yxrqj
^4<<8‘/ Jxhuuh/ Shuuljqh dqg Yxrqj ^5333‘ dqg Ol/ Shuuljqh dqg Yxrqj ^5335‘/ lq wkh frqwh{w ri vdoh
dxfwlrqv1 Zh dgdsw wkh Jxhuuh/ Shuuljqh dqg Yxrqj ^5333‘ surfhgxuh wr d surfxuhphqw phfkdqlvp1
Wklv phwkrg kdv wkh dgydqwdjh ri ehlqj ixoo| qrqsdudphwulf/ vr wkdw lw grhv qrw lpsrvh dq| ixqfwlrqdo
irup rq wkh xqnqrzq glvwulexwlrqv1 Krzhyhu/ wr dyrlg wkh fxuvh ri glphqvlrqdolw| lq kljk glphqvlrqv
zlwk qrqsdudphwulf hvwlpdwlrq/ zh lqwurgxfh d yduldeoh uhgxfwlrq whfkqltxh wr prgho wkh khwhurjhqhlw|
ri wkh dxfwlrqhg frqwudfwv lqvwhdg ri nhhslqj wr wkh pdlq h{sodqdwru| yduldeoh iru fkdudfwhul}lqj wkh
frqwudfwv dv lv xvxdoo| grqh1 Uhvhdufkhuv kdyh ghyhorshg phwkrgv zklfk uhgxfh wkh glphqvlrqdolw|
lq uhjuhvvlrq phwkrgv dqg kdyh doorzhg iru sduwo| sdudphwulf prgholqj1 Wkh uhvxowlqj prghov fdq eh
jurxshg wrjhwkhu dv vr0fdoohg vhplsdudphwulf prghov1 Uho|lqj rq wklv olwhudwxuh +vhh Krurzlw}^4<<;‘,
4Zh gr qrw glvfxvv khuh wkh srvvlelolw| ri uhjxodwlqj d vroh vxssolhu +d prqrsro|, rq wkh edvlv ri lwv frvw/ zlwkrxw
uh0dxfwlrqlqj wkh frqwudfw uhjxoduo|/ ehfdxvh pxqlflsdo odz uhtxluhv wkdw dq| vhuylfhv/ deryh d jlyhq h{shqglwxuh/ eh sxw
xs iru dxfwlrq1
5zh kdyh fkrvhq wr xvh d vlqjoh lqgh{ prgho1 Wkh odwwhu r￿huv wkh dgydqwdjh wr ixoo| h{sorlw wkh uhodwlrq
ehwzhhq wkh ghshqghqw yduldeoh +wkh elgv iru xv, dqg wkh lqghshqghqw yduldeohv +wkh fkdudfwhulvwlfv
ri wkh frqwudfwv khuh, lqvwhdg ri phuho| h{sorlwlqj wkh fruuhodwlrq zlwklq wkh yhfwru ri lqghshqghqw
yduldeohv olnh zlwk rwkhu phwkrgv1 Vlqfh zh duh lqwhuhvwhg lq vwxg|lqj wkh uhodwlrqvkls ehwzhhq wkh
vhuylfh wr eh shuiruphg +dqg lq sduwlfxodu wkh pdsslqj dqg wkh vl}h ri wkh whuulwrulhv, dqg wkh uhvxowlqj
elgv/ zh irxqg wkh vhplsdudphwulf prgholqj iru wkh uhjuhvvlrq ri wkh elgv frqglwlrqdoo| rq wkh frqwudfw
fkdudfwhulvwlfv sduwlfxoduo| lqwhuhvwlqj1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh lqvwlwxwlrqdo ihdwxuhv dqg rxu dvvxpswlrqv
iru wkh suhvhqw vwxg|1 D jdph0wkhruhwlf prgho ri surfxuhphqw dxfwlrqv/ zkhuh ￿upv frpshwh rq sulfh/
lv ghyhorshg lq vhfwlrq 61 Vhfwlrq 7 lv ghyrwhg wr wkh lghqwl￿fdwlrq ri wkh vwuxfwxudo hohphqwv dqg wr
wkh ghvfulswlrq ri wkh hvwlpdwlrq surfhgxuh1 Wkh uhvxowv ri wkh hvwlpdwlrqv duh uhsruwhg dqg dqdo|}hg
lq vhfwlrq 81 Ilqdoo|/ zh vxppdul}h dqg frqfoxgh wkh sdshu lq vhfwlrq 91
5 D Ghvfulswlrq ri wkh Dxfwlrqlqj ri Vqrz Uhprydo Frqwudfwv
lq Prqwuhdo
Hyhu| |hdu/ wkh Flw| ri Prqwuhdo sxeolvkhv dq lqylwdwlrq wr whqghu iru vhyhudo vqrz uhprydo frqwudfwv/
fruuhvsrqglqj wr gl￿huhqw whuulwrulhv ri wkh Flw|1 Wkh frqwudfwv duh vwdqgdugl}hg dqg gl￿hu rqo| zlwk
uhvshfw wr wkh fkdudfwhulvwlfv ri wkh whuulwrulhv1 Ilupv lqwhuhvwhg lq vxeplwwlqj elgv uhtxhvw vshfl￿fdwlrqv
iurp wkh Flw|1 Iru hdfk frqwudfw/ wkh Flw| surylghv d pds/ d ghvfulswlrq ri wkh whuulwru| +ohqjwk dqg
glvwdqfh wr wkh vqrz gxps, dv zhoo dv +diwhu 4<<3, wkh uhvhuyh sulfh1 Rq wkh gd| ri wkh dxfwlrq/ wkh
vhdohg elgv duh rshqhg dqg wkh lghqwlw| ri doo elgghuv dqg wkhlu elgv duh dqqrxqfhg wr wkrvh suhvhqw1
Wkh frqwudfwv xqghu dxfwlrq kdyh ￿yh |hdu whupv dqg sxw wkh zlqqhu lq fkdujh ri fohdqlqj xs vqrz
iurp wkh vwuhhwv dqg vlghzdonv ehwzhhq Qryhpehu 48 dqg Pdufk 48 +￿wkh vqrz vhdvrq￿, gxulqj wkhvh
￿yh |hduv/ dw wkh djuhhg sulfh1
Sduwlflsdqwv elg rq wkh sulfh/ lq grooduv shu phwhu ri vwuhhw ohqjwk shu |hdu/ edvhg rq d ￿qrupdo￿
vqrzidoo ri 533 fhqwlphwhuv shu |hdu1 Wkh orzhvw elg lv dffhswhg iru hdfk frqwudfw surylghg wkdw wkh
6vshfl￿hg txdol￿fdwlrqv duh phw= wkh fdqglgdwh pxvw kdyh wkh uhtxluhg htxlsphqw dqg pxvw surylgh
dghtxdwh ￿qdqfldo zduudqwlhv1 Lq wkh frxuvh ri frqwudfw h{hfxwlrq/ wkh sulfh pd| eh dgmxvwhg wr doorz
iru deqrupdo vqrzidoov1 Wkh sulfh sdlg wr wkh ￿up lv lqfuhdvhg e| 317( iru hdfk fhqwlphwhu deryh 533
fhqwlphwhuv> vlploduo|/ wkh sulfh lv uhgxfhg e| 317( iru hdfk fhqwlphwhu ri vqrzidoo ehorz 533 fhqwlphwhuv
grzq wr 433 fhqwlphwhuv1 Frqvhtxhqwo|/ iru d zlqqlqj elg slo e| ￿up l lq frqwudfw dxfwlrq o> wkh |hduo|
dprxqw dlo uhfhlyhg lq groodu shu phwhu ri vwuhhw ohqjwk/ lv5=
dlo @ =9sloLit￿433j .^ 4.=337+t ￿ 533,‘slo4 L+tA433, +4,
zkhuh t lv wkh dfwxdo vqrzidoo gxulqj wkh |hdu xqghu frqvlghudwlrq1 Dv d uhvxow/ wkh vxssolhu lv fhuwdlq wr
uhfhlyh dw ohdvw 93( ri wkh uhyhqxhv fruuhvsrqglqj wr d qrupdo vqrzidoo ri 533 fhqwlphwhuv dw wkh elgghg
sulfh/ exw vkduhv zlwk wkh Flw| wkh ulvn dvvrfldwhg zlwk |hduo|  xfwxdwlrqv deryh 433 fhqwlphwhuv1
Wrwdo uhyhqxh wr wkh ￿up lv wkh surgxfw ri wrwdo vwuhhw ohqjwk lq wkh whuulwru| +lq phwhuv, e| |hduo|
dprxqw dlo1 Dowkrxjk sulfhv duh txrwhg lq wkh vdph xqlwv iurp rqh frqwudfw wr wkh rwkhu/ hdfk elg
fdq eh gl￿huhqw/ qrw rqo| ehfdxvh dxfwlrqv rq gl￿huhqw whuulwrulhv duh lqghshqghqw/ exw dovr ehfdxvh
whuulwrulhv kdyh gl￿huhqw fkdudfwhulvwlfv wkdw d￿hfw wkh frvw shu phwhu1 Wkh Flw| ri Prqwuhdo uhtxluhv d
olvw ri slhfhv ri htxlsphqw iru hdfk whuulwru|1 Wkh vxssolhu kdv wr suryh wkdw kh kdv wkh uhtxluhg fdslwdo1
Li kh grhv qrw kdyh doo ri lw ehiruh wkh dxfwlrq/ kh kdv wr frpplw klpvhoi wr ex| wkh rwkhu slhfhv ehiruh
wkh ehjlqqlqj ri wkh frqwudfw1
Zh kdyh gdwd rq wkh zlqqlqj dqg orvlqj elgv/ wrjhwkhu zlwk frqwudfw vshfl￿fdwlrqv/ iru 94 surfxuh0
phqwv ri vqrz uhprydo whqghuhg ehwzhhq 4<<3 dqg 4<<; e| wkh Flw| ri Prqwuhdo/ iru d wrwdo ri 78: elgv1
Wkh qxpehu ri elgghuv ydulhv dfurvv dxfwlrqv iurp wzr wr irxuwhhq1
Wdeoh 4 jlyhv dq ryhuylhz ri wkh pdlq wuhqgv1 Zlqqlqj elgv iru vqrz uhprydo frqwudfwv zlwk wkh
Flw| ri Prqwuhdo kdyh jrqh grzq e| 55( ehwzhhq 4<<3 dqg 4<<;1 Rqh srvvleoh h{sodqdwlrq iru wklv
ghfolqh/ dv zh zloo vhh lq vhfwlrq ￿yh/ lv wkh uhwxuqv wr vfdoh dvvrfldwhg zlwk wkh lqfuhdvh lq whuulwru| vl}h
dqg whfkqrorjlfdo surjuhvv1 Vlqfh wkh frqwudfwv kdyh ￿yh |hdu whupv/ wkh srolf| ri lqfuhdvlqj whuulwru|
5Xvxdoo| lw vqrzv zhoo ryhu 433 fhqwlphwhuv d |hdu +wkh dyhudjh ryhu wkh odvw 53 |hduv zdv 53919 fhqwlphwhuv,1 Iru
wkh odvw ￿yh |hduv wkh suhflslwdwlrqv zhuh ehwzhhq 4:< dqg 65: fhqwlphwhuv1 Wkh orzhvw ohyho ri vqrzidoo hyhu zdv ;:18
fhqwlphwhuv lq wkh zlqwhu ri 4<:<04<;3 zkloh wkh orzhvw ohyho lq rxu gdwdvhw zdv 464 fhqwlphwhuv1
7vl}h frxog rqo| eh lqwurgxfhg surjuhvvlyho|1 Rq d jlyhq |hdu/ dq| qhz whuulwru| glylvlrq fdq dsso| rqo|
wr whuulwrulhv xqghu uhqhzdo dqg fdq eh r￿huhg rqo| wr wkh frkruw ri frqwudfwruv zkrvh fxuuhqw frqwudfwv
duh h{slulqj1 Wudqvlwlrq whfkqlfdolwlhv dqg rwkhu klvwrulfdo ihdwxuhv dffrxqw iru wkh idfw wkdw/ ryhu rxu
4<<30<; vdpsoh shulrg/ rqh0txduwhu ri wkh frqwudfwv duh xs iru uhqhzdo hdfk |hdu iru irxu |hduv zkloh/
wkh ￿iwk |hdu/ qr surfxuhphqw dxfwlrq lv rujdql}hg +4<<7,1 Wklv looxvwudwhv vrph ri wkh frqvwudlqwv
dsso|lqj wr fkdqjhv lq whuulwru| vl}h vkrzq lq Wdeoh 41
Dqrwkhu h{sodqdwlrq iru wkh ghfolqh lq elgv pljkw eh lqfuhdvhg frpshwlwlrq1 Li wkh srro ri srwhqwldo
vxssolhuv lq wkh Prqwuhdo duhd uhpdlqv frqvwdqw dv whuulwru| vl}h lqfuhdvhv dqg wkh qxpehu ri whuulwrulhv
glplqlvkhv/ wkhq wkh qxpehu ri sduwlflsdqwv lq Prqwuhdo kdv wr lqfuhdvh dw hdfk dxfwlrq1 Krzhyhu/
fkdqjhv lq whuulwru| vl}h pd| lqgxfh vrph vxssolhuv wr vhhn rwkhu zrun1 Zh vkdoo h{dplqh zklfk ri wkh
wzr h{sodqdwlrqv lv prvw olnho| wr suhydlo1
Lq Wdeoh 4/ zh dovr suhvhqw wkh fkurqrorjlfdo hyroxwlrq ri wkh qxpehu ri frqwudfwv/ wkh qxpehu ri
elgv dqg wkh uhvxowlqj dyhudjh qxpehu ri elgv shu frqwudfw1 Zh qrwlfh d uhgxfwlrq ri 6 frqwudfwv lq
4<<4 iru wkh frkruw ri frqwudfwv dzdughg lq 4<;96 dqg uhqhzhg lq 4<<4 dqg d uhgxfwlrq ri 5 frqwudfwv
lq 4<<6 iru wkh frkruw ri frqwudfwv dzdughg lq 4<;; dqg uhqhzhg lq 4<<61
Wkhuh lv qr v|vwhpdwlf sdwwhuq lq wkh qxpehu ri dfwxdo elgghuv iru hdfk vxffhvvlyh frqwudfw zlwklq d
jlyhq frkruw1 Lw gursshg vkduso| lq 4<<91 Lw vkrrwhg xs iurp 919: lq 4<<5 wr 431;6 lq 4<<:1 Lw uhpdlqhg
dw wkh vdph ohyho ehwzhhq 4<<6 dqg 4<<;/ dqg lw lqfuhdvhg lq 4<<8 frpsduhg wr 4<<31 Lq Wdeoh 6/ zh
suhvhqw vrph ghvfulswlyh vwdwlvwlfv iru wkh vdpsoh shulrg +4<<304<<;,1
6 Wkh Surfxuhphqw Dxfwlrq Prgho
Zh vkdoo vhw xs d prgho ri surfxuhphqw dxfwlrqv edvhg rq dvvxpswlrqv zklfk zh frqvlghu wr eh uhdolvwlf
lq wkh lqvwlwxwlrqdo frqwh{w xqghu vwxg|1 Wkh revhuyhg gdwd rq elgv dqg zlqqlqj elgv duh vxssrvhg wr
eh jhqhudwhg e| wklv prgho1 Wrjhwkhu zlwk wkh fkdudfwhulvwlfv ri wkh frqwudfwv wkh| zloo doorz xv wr lqihu
wkh frqwudfwruv* sulydwh frvwv dqg lqirupdwlrqdo uhqwv1 Wkh prgho zloo dovr khos xv dvvhvv wkh h￿hfwv
6Hyhq wkrxjk zh kdyh gdwd rq vqrz uhprydo dxfwlrq diwhu 4<;9/ zh hvwlpdwh wkh ￿upvc uhqwv dqg frvwv xvlqj rqo| wkh
dxfwlrqv zlwk d uhvhuyh sulfh +zklfk zdv lqwurgxfhg lq 4<<3, ryhu wkh shulrg 4<<304<<;1
8rq frvwv dqg uhqwv ri lqfuhdvhv lq whuulwru| vl}h dqg rwkhu pdqdjhphqw ghflvlrqv1 Zh ￿uvw wxuq wr wkh
dvvxpswlrqv xqghuo|lqj rxu prgho1
614 Lqvwlwxwlrqdo Ghwdlov dqg Prgho Dvvxpswlrqv
Uhvhuyh Sulfh1 Lq 4<<3/ d sxeolf uhvhuyh sulfh s3o iru frqwudfw o zdv lqwurgxfhg1 Zh revhuyh qr gurs lq
wkh qxpehu ri elgghuv diwhu 4<<3 frpsduhg wr wkh shulrg ehiruh 4<<31 Wkh phdq qxpehu ri sduwlflsdqwv/
gxulqj wkh shulrg zlwkrxw d pd{lpxp sulfh/ zdv :187 zlwk d pd{lpxp ri whq/ zkhuhdv/ gxulqj wkh
shulrg zlwk d uhvhuyh sulfh/ wkh phdq zdv ;159/ zlwk d pd{lpxp ri irxuwhhq sduwlflsdqwv1 Krzhyhu/
pdq| elgv duh forvh wr wkh uhvhuyh sulfh1 Wr hydoxdwh wkh sursruwlrq ri elgv wkdw frxog eh wuxqfdwhg
ehfdxvh ri wkdw/ zh kdyh hvwlpdwhg qrqsdudphwulfdoo| wkh suredelolw| wr gudz d elg zlwklq soxv ru plqxv
￿yh shufhqw ri wkh uhvhuyh sulfh iru dq dyhudjh wudfw1 Zh irxqg wkdw lw lv txlwh kljk dqg htxdo wr 314<1
Wkhuhiruh zh zloo dvvxph wkdw wkh uhvhuyh sulfh lv elqglqj lq rxu shulrg ri vwxg|1
Nqrzohgjh vwuxfwxuh1 Zh dvvxph wkdw wkh vhw ri srwhqwldo elgghuv lv frpprq nqrzohgjh dqg wkdw
lw lv frqvwdqw dqg htxdo wr L71 Ilup l nqrzv lwv rzq frvw exw rqo| wkh glvwulexwlrq ri wkh frvw ri lwv





zlwk ghqvlw| ixqfwlrq io+￿,= Wklv vwrfkdvwlf vwuxfwxuh lv frpprq nqrzohgjh1 Lw lv olnho| wkdw
lqglylgxdo frvwv gl￿hu dfurvv elgghuv ehfdxvh ri gl￿huhqfhv lq fdslwdo vwrfn +qxpehu/ djh dqg w|sh ri
pdfklqhv,/ h{shuwlvh/ suhihuhqfhv iru d whuulwru| +￿upv vshfldol}h lq gl￿huhqw w|shv ri whuulwrulhv ru pd|
kdyh d!qlwlhv zlwk wkh pxqlflsdo whdp,/ fdsdflw| xwlol}dwlrq +zklfk ghshqgv rq wkh rwkhu frpplwphqwv
ri wkh ￿up, dqg orfdwlrq +d ￿up pxvw uhqw d sdunlqj vsdfh li wkh whuulwru| lv wrr idu dzd|,1 Zh dvvxph
wkdw wkh elgghuv nqrz iurp shuvrqdo h{shulhqfh dqg iurp ylvlwlqj wkh dxfwlrqhg whuulwru| krz pxfk lw
zrxog frvw wkhp wr uhdol}h d sduwlfxodu frqwudfw1 Wr wkh h{whqw wkdw lqglylgxdo frvw gl￿huhqfhv duh pruh
lpsruwdqw wkdq xqfhuwdlqwlhv derxw wkh wdvn zklfk d￿hfw doo ￿upv v|pphwulfdoo|/ wkh elgglqj surfhvv
lv ehvw prghohg dv dq lqghshqghqw sulydwh0ydoxhv +LSY, surfxuhphqw dxfwlrq1
Ulvn/ v|pphwu|/ lqghshqghqfh1 Ehfdxvh ￿upv w|slfdoo| rewdlq qxphurxv frqwudfwv iurp vhyhudo
7Wkh uhvhuyh sulfh lv elqglqj dqg wkhuhiruh wkh qxpehu ri dfwxdo elgghuv UW
, ydulhv zlwk wkh uhvhuyh sulfh1 Krzhyhu/
wkh qxpehu ri srwhqwldo elgghuv U lv lqghshqghqw ri wkh uhvhuyh sulfh1
9pxqlflsdolwlhv/ fduu| rxw rwkhu dfwlylwlhv ru fdq uhqw wkhlu htxlsphqw8/ zh pd| dvvxph wkhp wr eh ulvn
qhxwudo dw wkh ohyho ri d vlqjoh dxfwlrq1 Glvfulplqdwlrq/ h1j1 lq idyru ri Prqwuhdo vxssolhuv/ lq wkh dzdug
ri surfxuhphqw frqwudfwv/ lv surklelwhg> zh dvvxph wkdw doo elgghuv duh rwkhuzlvh lqglvwlqjxlvkdeoh/ vr
wkdw hdfk ￿up lv wuhdwhg dolnh1 Pruh vshfl￿fdoo|/ zh dvvxph wkdw zh grq*w kdyh jurxsv ri ￿upv zlwk
v|vwhpdwlf frvw gl￿huhqfhv +vd| orz frvw ￿upv dqg kljk frvw ￿upv, zlwk uhvshfw wr wkhlu vl}h/ orfdwlrq9/
fdsdflw| ri surgxfwlrq: ru zrun h{shulhqfh iru h{dpsoh1
D ￿up*v frvw iru shuiruplqj d jlyhq wdvn pd| fkdqjh ryhu wlph ehfdxvh ri qhz fdslwdo dftxlvlwlrq/
qhz h{shulhqfh/ gl￿huhqfhv lq dxfwlrqhg whuulwrulhv ru gl￿huhqfhv lq dowhuqdwlyh rssruwxqlwlhv1 Frvwv
duh dvvxphg wr eh lqghshqghqwo| glvwulexwhg ryhu wlph1 Pruhryhu/ zh dvvxph wkdw wkh vkdsh ri wkh
glvwulexwlrq grhv qrw fkdqjh ryhu wlph/ rqo| wkh lqwhuydo ryhu zklfk lw lv gh￿qhg1 Frqvhtxhqwo|/ wkh
dxfwlrqv duh wuhdwhg dv d vxffhvvlrq ri lqghshqghqwo| uhshdwhg jdphv1
Zh pd| dovr uhdvrqdeo| frqvlghu wkdw wkh elgv duh lqghshqghqw dfurvv dxfwlrqv lq d jlyhq |hdu1
Lqghhg/ dowkrxjk d ￿up pd| elg rq vhyhudo frqwudfwv/ lw fdqqrw gr vr zlwk sulru nqrzohgjh ri dq|
dxfwlrq rxwfrph> wkxv lw fdqqrw elg frqglwlrqdoo| rq wkh uhvxowv ri rwkhu dxfwlrqv1 Wkh pd{lpxp
qxpehu ri frqwudfwv lw fdq zlq ghshqgv rq lwv fdslwdo vwrfn dqg rq wkh qxpehu ri ￿qdqfldo zduudqwlhv
lw pxvw surylgh zlwk lwv elgv1; Li d frqwudfwru elgv rq/ dqg zlqv/ pruh frqwudfwv wkdq kh fdq xowlpdwho|
gholyhu/ wkh Flw| ghflghv zklfk rqhv kh zloo hyhqwxdoo| uhwdlq jlyhq klv fdsdflw|1 Vlqfh vxfk h{ srvw
dvvljqphqw lv grqh lq vxfk d zd| dv wr plqlpl}h wkh Flw|*v frvw udwkhu wkdq wr pd{lpl}h wkh elgghu*v
uhqw/ wkh odwwhu lv qrw olnho| wr zlq e| xvlqj/ lq d vshfl￿f dxfwlrq/ dq| vwudwhj| lqyroylqj rwkhu dxfwlrqv1
Dovr/ d ￿up lv qrw deoh wr ehqh￿w iurp hfrqrplhv ri vfdoh ru vfrsh iurp frqwudfwv zlwk qhljkerulqj
8Vrph ￿upv ex| h{wud htxlsphqw rq sxusrvh/ xvxdoo| zkhq wkhvh pdfklqhv fdq eh xvhg lq wkh rxw0ri0vqrz vhdvrq/ wr
uhqw wkhp wr wrzqvklsv ehfdxvh ri wkh yhu| jrrg uhwxuq dvvrfldwhg zlwk wklv sudfwlfh1
9Wkh orfdwlrq pd| fuhdwh dv|pphwu| rq zhvwhuq wudfwv exw qrw rq hdvwhuq wudfwv +vhh Iodpedug dqg Shuuljqh ^5337‘,1
Dv d pdwwhu ri idfw/ Iodpedug dqg Shuuljqh ￿qg voljkw gl￿huhqfhv lq uhqwv dqg frvw ghqvlwlhv ehwzhhq wkh ￿upv forvh wr dqg
idu dzd| iurp wkh zhvwhuq wudfwv1 Krzhyhu/ zkhq shuiruplqj d Vpluqry0Nroprjrury whvw/ wkh| ￿qg d zhdn uhmhfwlrq ri
vwrfkdvwlf grplqdqfh rq zhvwhuq wudfwv +dqg d vwurqj uhmhfwlrq rq hdvwhuq wudfw,1 Wkhuhiruh/ lq wkh devhqfh ri dv|pphwu|
rq hdvwhuq wudfwv dqg lq wkh devhqfh ri gh￿qlwh hylghqfh ri dv|pphwu| rq zhvwhuq wudfwv/ zh dvvxph wkdw wkh elgghuv fdq
eh wuhdwhg lq wkh vdph pdqqhu1 Pruhryhu/ wkh hvwlpdwlrqv zrxog eh ohvv urexvw jlyhq rxu uhodwlyho| vpdoo vdpsoh vl}hv li
zh hvwlpdwhg wkh ghqvlwlhv ri elgv vhsdudwho| iru hdfk jurxs ri elgghuv C￿EK￿,￿￿￿ ’￿ c2 dqg wklv odfn ri urexvwqhvv zrxog
rxwzhljk wkh srwhqwldo ehqh￿w ri frqvlghulqj gl￿huhqw jurxsv ri elgghuv1
:Wkh fdsdflw| ri surgxfwlrq fdqqrw eh phdvxuhg e| frxqwlqj rqo| wkh vqrz uhprydo frqwudfwv zlwk wkh Flw| ri Prqwuhdo1
Rwkhu frpplwphqwv vxfk dv uhqwdo frqwudfwv dqg vqrz uhprydo frqwudfwv zlwk rwkhu pxqlflsdolwlhv ru fxvwrphuv zrxog
dovr qhhg wr eh frqvlghuhg exw zh grqcw kdyh wklv lqirupdwlrq1 Pruhryhu/ ￿upv lqglfdwh wkh pd{lpxp qxpehu ri frqwudfwv
wkh| zlvk wr zlq1 Wkhuhiruh/ ￿upv fdq*w zlq pruh frqwudfwv wkdq wkh| duh deoh wr xqghuwdnh1
;Hdfk elg pxvw eh dffrpsdqlhg e| d ghsrvlw dqg e| d zduudqw| lvvxhg e| d Fdqdgldq lqvxudqfh frpsdq| ri dq dprxqw
fruuhvsrqglqj wr 93( ri wkh ydoxh ri wkh frqwudfw1
:whuulwrulhv= uhprylqj vqrz rq rqh whuulwru| fdqqrw uhgxfh wkh frvw rq qhljkerulqj whuulwru| ehfdxvh wkh
whupv ri wkh frqwudfw uhtxluh wkdw d ￿up zklfk kdv wzr +ru pruh, frqwudfwv pxvw jhw doo wkh uhtxluhg
htxlsphqw vlpxowdqhrxvo| rq hdfk ri wkh whuulwrulhv lw lv uhvsrqvleoh iru1 Wkhuhiruh/ wkhuh lv qr jdlq/
dqg qr ulvn/ iurp elgglqj dw vhyhudo dxfwlrqv1
Ilqdoo|/ wkh Flw| ri Prqwuhdo lv qrw wkh rqo| wrzq zklfk vrolflwv elgv iru vqrz uhprydo/ dqg vqrz
uhprydo lv qrw wkh vroh dfwlylw| ri wkh ￿upv lqyroyhg1 Ryhu wkh |hdu wkhuh duh qxphurxv lqylwdwlrqv
iru whqghu/ ￿upv riwhq elg vlpxowdqhrxvo| zlwk vhyhudo wrzqv iru pdq| frqwudfwv/ dqg wkh| hqwhu rwkhu
w|shv ri frqwudfwv zlwk rwkhu fxvwrphuv1 Joredoo|/ ￿upv zlq wkh qxpehu ri frqwudfwv wkh| zlvk +zlwk
rqh ru vhyhudo pxqlflsdolwlhv,1 Frqvhtxhqwo|/ zh vkdoo frqvlghu wkdw wkh surfxuhphqw dxfwlrqv iru vqrz
uhprydo duh lqglylgxdoo| lqghshqghqw dxfwlrqv1
Frpshwlwlrq1 Wkh ghpdqg iru vqrz uhprydo lv uhodwlyho| sulfh lqvhqvlwlyh/ dv sxeolf rslqlrq lv lq idyru
ri fohdulqj wkh vwuhhwv1 Iru lqvwdqfh/ lqlwldwlyhv e| wkh Flw| ri Prqwuhdo wr uhgxfh ryhuwlph h{shqglwxuhv
e| vxvshqglqj vqrz uhprydo rq zhhnhqgv kdv udlvhg sxeolf fulwlflvp1 Krzhyhu/ dv lv sodlq iurp wkh
deryh glvfxvvlrq rq lqghshqghqfh/ wkhuh duh pdq| ex|huv/ pdq| vxssolhuv/ pdq| surgxfwv/ dqg wkh
uxohv gr qrw idflolwdwh wkh frqwuro ri dq| pdunhw ru dxfwlrq surfhgxuh1
Surklelwlqj elgghuv iurp xvlqj wkh vdph htxlsphqw rq qhljkerxulqj whuulwrulhv/ dv grhv wkh Flw|
ri Prqwuhdo/ olplwv wkh ehqh￿w ri d frooxvlrq iru whuulwru| dvvljqphqwv1 Eduulhuv wr hqwu| duh orz=
￿upv zkr kdqgoh vqrz uhprydo dovr fduu| rxw rwkhu dfwlylwlhv/ olnh odqgvfdslqj/ jhqhudo frqvwuxfwlrq ru
h{fdydwlrq1 Wkhlu htxlsphqw fdq kdyh pdq| xvhv/ hvshfldoo| wkhlu wuxfnv zklfk fdq eh htxlsshg zlwk
uhprydeoh sorzv1 Dv d pdwwhu ri idfw/ zh kdyh lghqwl￿hg 85 gl￿huhqw ￿upv elgglqj iru vqrz uhprydo
lq Prqwuhdo ehwzhhq 4<<3 dqg 4<<;/ vrph ri wkhp hqwhulqj dqg rwkhuv ohdylqj wkh pdunhw1 Reylrxvo|/
gl￿huhqfhv dprqj ￿upv/ wkh vkhhu qxpehu ri srwhqwldo hqwudqwv/ dqg khwhurjhqhlw| lq wkh whuulwrulhv
zrxog frpsolfdwh fduwho frruglqdwlrq1 Iru doo wkhvh uhdvrqv/ wkh elgglqj ehkdylru lv prghohg dv d
qrqfrrshudwlyh jdph xqghu lqfrpsohwh lqirupdwlrq1
;615 Elgglqj Vwudwhjlhv
Zh ehjlq rxu suhvhqwdwlrq ri wkh prgho zlwk dq lqirupdo glvfxvvlrq ri wkh elgglqj jdph1 Zh wkhq
ghwhuplqh lwv rxwfrph dqg lqwhusuhw lw1
Frqvlghu d ￿ex|hu￿ +wkh Flw| lq rxu fdvh, zkr dxfwlrqv/ lq d ￿uvw0sulfh vhdohg0elg dxfwlrq/ vhyhudo
￿{hg0sulfh frqwudfwv wr L srwhqwldo ￿upv +L ￿ 5,1 Dowkrxjk wkh frqwudfwv duh uhodwlyho| krprjhqhrxv/
wkh| duh qrw lghqwlfdo1 Wkhuhiruh iru hdfk frqwudfw o> zh doorz wkh glvwulexwlrq ri frvwv wr ghshqg rq
wkh fkdudfwhulvwlfv ri wkh frqwudfw }o +wr eh gh￿qhg lq wkh qh{w vhfwlrq,1 Ohw xv ghqrwh wkh fxpxodwlyh
glvwulexwlrq ixqfwlrq Io ￿ I+￿m}o>￿￿sro,/ wkh fruuhvsrqglqj ghqvlw| ixqfwlrq io ￿ i+￿m}o>￿￿sro,/w k h






Wrwdo uhyhqxh dqg wrwdo frvw ghshqg rq wkh dfwxdo vqrzidoo/ t1 Wrwdo frvw lqfuhdvhv zlwk wkh ohyho
ri vqrz uhprydo dv ￿upv kdyh wr rshudwh wkhlu htxlsphqw dqg sd| wkhlu hpsor|hhv iru hdfk h{wud krxu
zrunhg1 Dffruglqj wr wkh vqrz0uhpryhuv wkdw zh kdyh lqwhuylhzhg/ wkh frvwv lqfuhdvh olqhduo| zlwk wkh
ohyho ri vqrzidoo> wkxv zh dvvxph wkdw wkh frvw shu fhqwlphwhu ri vqrzidoo lv frqvwdqw1 Vqrz uhpryhuv
dovr ehdu d ￿{hg frvw/ zklfk pd| gl￿hu iurp rqh whuulwru| wr dqrwkhu/ li rqo| ehfdxvh htxlsphqw
uhtxluhphqwv gl￿hu ehwzhhq whuulwrulhv1 Wkxv zh zulwh wkh wrwdo frvw iru ￿up l lq frqwudfw o dv nlo.
ylo
533t
zkhuh nlo lv wkh ￿{hg frvw dqg ylo lv wkh yduldeoh frvw fruuhvsrqglqj wr d vqrzidoo ri 533 fhqwlphwhuv1
Zh dovr gh￿qh flo @ nlo . ylo dv wkh wrwdo frvw fruuhvsrqglqj wr d vqrzidoo ri 533 fhqwlphwhuv1 Li zh
dvvxph wkdw H+t, @ 533/ wkh h{shfwhg sur￿w/ frqglwlrqdo rq zlqqlqj wkh frqwudfw/ fdq eh uhzulwwhq dv<=






















zkhuh wkh h{shfwdwlrq lv wdnhq ryhu vqrzidoo/ zkrvh ghqvlw| lv ￿E^￿1 Li zh dvvxph wkdw .E^￿’2 f f / wkh h{shfwhg sur￿w/
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￿
Ehfdxvh revhuylqj ohvv wkdq 433 fhqwlphwhuv ri vqrzidoo d |hdu lv d uduh hyhqw/ zh fdq dvvxph wkdw
U ￿ff
f ￿E^￿_^ ’ ￿hE^ $
￿ff￿ ; f￿ Zh ghflghg wr pdnh wklv dvvxpswlrq udwkhu wkdq hvwlpdwh wkh ghqvlw| ￿E^￿ ehfdxvh wkh huuru gxh wr wkh rplvvlrq
ri folpdwh fkdqjh lq wkh hvwlpdwlrq pljkw kdyh rxwzhljkhg wkh jdlq rewdlqhg iurp d pruh suhflvh vshfl￿fdwlrq ri vqrz
frqglwlrqv1 Lw iroorzv wkdw ￿ ; ￿ dqg wkhq wkdw ￿￿, ; R￿, 3 S￿,￿
<!lo ￿ slo ￿flo1 Dffruglqj wr zkhwkhu lw jhwv wkh frqwudfw ru qrw/ wkh sur￿w ri ￿up l elgglqj iru frqwudfw
o lv wkxv htxdo wr=
￿lo @^ slo ￿flo‘￿ 4 L+slo ?s mo>m9@ l m slo ￿ sro,
Dvvxplqj wkdw dq| wzr elgghuv zlwk wkh vdph frvw zrxog vxeplw wkh vdph elg/ zh uhvwulfw wkh dqdo|vlv wr
htxloleuld lq zklfk doo ￿upv kdyh wkh vdph vwulfwo| lqfuhdvlqj dqg gl￿huhqwldeoh vwudwhj| eo+{,1 Dowkrxjk
elgghuv kdyh wkh vdph htxloleulxp vwudwhj| ixqfwlrq/ wkh| gl￿hu e| wkh dujxphqw { dw zklfk wkh ixqfwlrq
lv hydoxdwhg1 Uloh| dqg Vdpxhovrq ^4<;4‘ kdyh vroyhg wkh Ed|hvldq Qdvk htxloleulxp ri vxfk d jdph lq
wkh frqwh{w ri d vdoh dxfwlrq1 Ohw xv frpsxwh wkh Ed|hvldq Qdvk htxloleulxp ri wklv jdph1 Elgghu l
zlwk elgglqj sulfh eo+{, zlqv li dqg rqo| li doo klv ulydov kdyh d frvw deryh e￿4
o +eo+{,, @ {= Lq htxloleulxp/
hdfk sod|hu l zrxog zdqw wr fkrrvh wkh vwudwhj| eo+{, wkdw pd{lpl}hv klv h{shfwhg sd|r￿43=
H￿+flo>{,@^ eo+{, ￿flo‘ ￿ V
L￿4
o +{,

































Vroylqj wkh gl￿huhqwldo htxdwlrq +5, xqghu wkh erxqgdu| frqglwlrq44 eo+sro,@sro/ dq rswlpdoo| fkrvhq
43Zh ￿uvw gh￿qh wkh suredelolw| ri zlqqlqj zkhq elgglqj wkh dprxqw K,E%￿ dv=
￿hE￿ zlqv ,￿ ’ ￿hEK,E%￿ ￿K ,ES￿,￿c￿￿ ￿’ ￿￿5,c%$ RJ,￿




zkhuh U lv wkh qxpehu ri srwhqwldo sod|huv iru frqwudfw ,1 Wklv uhvxow krogv ehfdxvh ri wkh lqghshqghqfh ri frvwv dqg
ehfdxvh ri wkh prqrwrqlflw| ri K,Eu￿￿
44Dv d pdwwhu ri idfw/ frqglwlrq +5, lv mxvw rqh ri wkh frqglwlrqv qhfhvvdu| iru htxloleulxp1 Dqrwkhu qhfhvvdu| frqglwlrq
lv wkdw K,ERf,￿ 3 Rf, eh qrqqhjdwlyh1 Rwkhuzlvh/ d elgghu hqgrzhg zlwk d frvw Rf, frxog gr ehwwhu e| qrw sduwlflsdwlqj lq
wkh dxfwlrq1 Lw lv dovr qhfhvvdu| wkdw K,ERf,￿ 3 Rf, eh qrq0srvlwlyh1 Rwkhuzlvh/ zkhq S￿, ’ Rf, d vpdoo ghfuhdvh lq wkh elg
iurp wkh frpprq vwudwhj| K,ERf,￿ wr K,ERf,￿30/ vxfk wkdw K,ERf,￿3Rf,30:f/ zrxog udlvh elgghu l*v h{shfwhg sd|r￿ iurp
}hur +vlqfh 7
U3￿




, EK,ERf,￿ 3 0￿￿ ￿’f ,/ dqg frqvhtxhqwo| K,Eu￿










Wkh vhfrqg0rughu frqglwlrq lv vdwlv￿hg ehfdxvh eo+￿, lv dvvxphg wr eh vwulfwo| lqfuhdvlqj451 Qrwh wkdw
wklv ghflvlrq uxoh vdwlv￿hv wkh ruljlqdo dvvxpswlrq ri dq lqfuhdvlqj elg ixqfwlrq= wkh orzhu d frqwudfwru*v
frvw/ wkh orzhu klv elg1
Wkh zlqqlqj elgghu lv wkh frqwudfwru zlwk wkh orzhvw frvw fo+4,= Lq fkrrvlqj klv elg/ hdfk djhqw
dvvxphv kh kdv wkh orzhvw frvw1 Zh fdq vkrz wkdw eo+flo, dv gh￿qhg lq +6, lv htxdo wr wkh h{shfwhg
vhfrqg0orzhvw frvw fo+5, frqglwlrqdo rq wkh elgghu*v lqirupdwlrq wkdw klv rzq frvw lv fo+4,= Wkh elgghu
hvwlpdwhv krz idu rq dyhudjh wkh qh{w frvw lv deryh klv rzq frvw1 Kh wkhq vxeplwv d elg wkdw h{fhhgv
klv rzq frvw e| suhflvho| wkdw dprxqw1 Khqfh/ rq dyhudjh/ wkh sulfh uhdfkhg lq d ￿uvw0sulfh vhdohg0
elg surfxuhphqw dxfwlrq lv wkh vhfrqg orzhvw frvw1 Wkh vhfrqg whup lq +6, fdq eh lqwhusuhwhg dv wkh
lqirupdwlrqdo uhqw wkdw dffuxhv wr wkh zlqqlqj elgghu1 Wkh pruh srwhqwldo elgghuv wkhuh duh/ wkh orzhu
lv wkh lqirupdwlrqdo uhqw dqg khqfh wkh frvw wr wkh pxqlflsdolw|1 Ixuwkhupruh/ wkh odujhu wkh yduldqfh/
wkh odujhu wkh gl￿huhqfh ehwzhhq wkh orzhvw frvw dqg wkh vhfrqg orzhvw frvw1 Wkh hfrqrplf uhqw wr wkh
zlqqlqj elgghu whqgv wr lqfuhdvh zlwk wkh yduldqfh ri wkh glvwulexwlrq dv vkrzq lq PfDihh dqg PfPloodq
^4<;9/ 4<;:‘1
7 Lghqwl￿fdwlrq dqg Hvwlpdwlrq ri wkh Vwuxfwxudo Prgho
Lq wklv vhfwlrq/ zh h{sodlq krz zh hvwlpdwh wkh wkhruhwlfdo prgho ri vhfwlrq 6/ xvlqj wkh phwkrg
ghyhorshg iru d vdoh dxfwlrq e| Jxhuuh/ Shuuljqh dqg Yxrqj ^5333‘1 Wkh edvlf lghd xqghuo|lqj wkh
vwuxfwxudo hvwlpdwlrq lv wkh iroorzlqj1 Ehfdxvh elgv duh uhodwhg wr sulydwh frvwv/ zklfk duh udqgrp dqg
glvwulexwhg dv Io +￿,@I+￿m}o>￿￿sro,> e| htxdwlrq +6, elgv duh dovr udqgrp dqg kdyh d glvwulexwlrq
Jo+￿,@J+￿m}o,1 Zh ghqrwh wkh glvwulexwlrq ri wkh revhuyhg elgv +wkh glvwulexwlrq wkdw fdq eh gluhfwo|
hvwlpdwhg iurp wkh elgv dqg lv wuxqfdwhg e| wkh uhvhuyh sulfh, J￿
o +￿,@J￿+￿m}o>￿￿sro,1 Rxu vwudwhj|
zrxog qrw eh wkh ehvw vwudwhj|1 Wkhvh odvw wzr uhvwulfwlrqv ghwhuplqh wkh erxqgdu| frqglwlrq K,ERf,￿’Rf, zklfk lpsolhv
wkdw wkh ohdvw h!flhqw sduwlflsdwlqj ￿up hduqv }hur uhqw1 Wklv frqglwlrq lv qrw yhu| uhvwulfwlyh lqvridu dv wkh lqwhuydo
dS,cR f,o lv frpprq nqrzohgjh1
45Wkh surri lv dydlodeoh xsrq uhtxhvw1
44lv wr hvwlpdwh J￿
o +￿, qrqsdudphwulfdoo| dqg wr uhwulhyh Io +￿,1 Zh fdq wkhq frqvwuxfw d svhxgr0vdpsoh
ri elgghuv* frvwv/ nqrzlqj wkh elg glvwulexwlrq dqg wkh revhuyhg elgv/ ghulyh wkh frvw glvwulexwlrq/ dqg
frpsxwh wkh lqirupdwlrqdo uhqwv hqmr|hg e| wkh zlqqlqj elgghuv1
Wkh prgho lv lghqwl￿hg li wkh vwuxfwxudo hohphqwv ri wkh prgho/ wkh odwhqw frvw glvwulexwlrq Io+￿,
dqg wkh srwhqwldo qxpehu ri elgghuv L fdq eh uhfryhuhg iurp revhuydwlrqv/ zklfk duh wkh elgv dqg wkh
qxpehu ri dfwxdo elgghuv L￿
o 1 Wkh ￿uvw wkhruhp lq Jxhuuh/ Shuuljqh dqg Yxrqj ^5333‘ surylghv d vroxwlrq
wr wkh lghqwl￿fdwlrq sureohp1 Zh dgdsw wkhlu uhvxow wr wkh frqwh{w ri d surfxuhphqw dxfwlrq1
Wkh uhvxow uholhv xsrq wkh idfw wkdw wkh vwudwhj| ghulydwlyh e3
o+￿,/ wkh frvw glvwulexwlrq Io +￿, dqg wkh
frvw ghqvlw| io +￿, fdq eh holplqdwhg vlpxowdqhrxvo| iurp wkh ￿uvw0rughu0frqglwlrq e| lqwurgxflqj wkh
elg glvwulexwlrq Jo +￿, dqg wkh elg ghqvlw| jo +￿, dv iroorzv1





@ eo+flo, ￿flo= +7,
Wkh glvwulexwlrq ri wkh revhuyhg elgv J￿
o +￿, lv=
J￿
o +s, @ Su+eo+f, ￿ sm}o>f￿ sro,@S u + f ￿ e
￿4
o +s,m}o>f￿ sro, +8,
@ I+e
￿4
o +s,m}o>f￿ sro,@I+fm}o>f￿ sro,@
I+fm}o,
I+sro,





= Wkh ghqvlw| ri wkh revhuyhg elgv j￿








































@ slo ￿ flo
45zkhuh slo @ eo+flo, lv wkh htxloleulxp vwudwhj|1 Wkh vwudwhj| ghulydwlyh e3
o+￿,/ wkh frvw glvwulexwlrq Io +￿,
dqg wkh frvw ghqvlw| io +￿, kdyh ehhq holplqdwhg vlpxowdqhrxvo|1 Wkh xqnqrzq frvw lv qrz gh￿qhg dv d
ixqfwlrq ri revhuydeoh yduldeohv= wkh qxpehu ri elgghuv/ wkh elg/ wkh ghqvlw| dqg wkh glvwulexwlrq ri wkh
revhuyhg elgv1




















= Wkhq wkhuh h{lvwv d glvwulexwlrq ri elgghuv* sulydwh frvwv vxfk wkdw Io +￿, lv wkh fruuhvsrqglqj
glvwulexwlrq ri htxloleulxp elgv lq d ￿uvw0sulfh vhdohg0elg dxfwlrq zlwk lqghshqghqw sulydwh ydoxhv dqg d
elqglqj uhvhuyh sulfh li dqg rqo| li= F4= Wkh elgv duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg dv Jo +￿,=






















iru doo l 5 ^4>===>Lo‘>o 5 ^4>===>O‘ +zkhuh O lv wkh qxpehu ri dxfwlrqv,1 Lq
dgglwlrq/ ￿o+￿, lv wkh lqyhuvh ri wkh htxloleulxp vwudwhj| eo +￿,=￿o+￿,@e
￿4
o +￿,=
S urri1 Dgdsw wkh surri ri wkhruhp 4 lq Jxhuuh/ Shuuljqh dqg Yxrqj ^5333‘1 Ghwdlov fdq eh surylghg
xsrq uhtxhvw1
Dvvxplqj wkdw wkh ￿upv ehkdyh dv suhglfwhg e| wkh wkhru| +vhfwlrq 6,/ sursrvlwlrq 4 hvwdeolvkhv wkdw
wkh odwhqw frvw glvwulexwlrq Io +flo, lv lghqwl￿hg iurp wkh glvwulexwlrq ri wkh revhuyhg elgv1 Wr hvwlpdwh
wkh odwwhu zh xvh d qrqsdudphwulf vwdwlvwlfdo phwkrg/ zklfk dyrlgv slfnlqj dq duelwudu| ixqfwlrqdo
irup wr ghvfuleh wkh glvwulexwlrq1 Rxu hvwlpdwru lv edvhg rq wkh nhuqho phwkrg +vhh K￿ugoh ^4<<3/
4<<4‘/ Vlprqr￿ ^4<<9‘ ru \dwfkhz ^4<<;‘,1
Wr uhfryhu wkh frvw glvwulexwlrq iurp +:,/ zh ￿uvw qhhg wr hvwlpdwh wkh ghqvlw| dqg fxpxodwlyh

































o@4>===O lv wkh vdpsoh ri lqghshqghqw revhuydwlrqv iurp wkh glvwulexwlrq ri +S>],/ O
lv wkh qxpehu ri dxfwlrqv/ L￿
o lv wkh qxpehu ri revhuyhg elgghuv lq dxfwlrq o/ N +￿, lv d nhuqho/ dqg kj}
dqg kjs duh wkh edqgzlgwkv1 Wkh fkdudfwhulvwlfv ri wkh dxfwlrq wkdw zh xvh wr hvwlpdwh wkh elg ghqvlw|




+4￿x5,54 L+m x m￿ 4,
h{fhsw iru wkh vlqjoh lqgh{ zkhuh zh xvh d nhuqho ri rughu 71 Dv wkh hvwlpdwh lqkhulwv wkh surshuwlhv ri wkh
nhuqho/ zh kdyh fkrvhq rxu nhuqho vxfk wkdw lw lv srvlwlyh/ gh￿qhg rq d erxqghg vxssruw dqg gl￿huhqwldeoh
hyhu|zkhuh rq wkh vxssruw1 Rxu hvwlpdwh lv wkhuhiruh d srvlwlyh ixqfwlrq/ erxqghg dqg gl￿huhqwldeoh1
Wkh fkrlfh ri d nhuqho grhv qrw uhdoo| pdwwhu iru wkh joredo dffxudf| ri wkh hvwlpdwlrq vr lw ￿vkrxog
eh fkrvhq edvhg rq rwkhu lvvxhv/ vxfk dv hdvh ri frpsxwdwlrq ru surshuwlhv ri wkh hvwlpdwh￿ +Vlprqr￿
^4<<9‘,1 Wkh edqgzlgwkv duh ghwhuplqhg e| wkh vr0fdoohg ￿uxoh ri wkxpe46￿1 Zh ￿qg kjs @4 =83 dqg
kj} @5 : =<51 Pruh lqirupdwlrq derxw wkh nhuqho dqg wkh edqgzlgwkv duh surylghg lq wkh dsshqgl{1

























Wkh edqgzlgwk/ vhw e| wkh uxoh ri wkxpe/ lv htxdo wr kJ @5 7 =67=
Zh wkhq hvwlpdwh wkh whup wr hydoxdwh wkh wuxqfdwhg ghqvlw| dqg glvwulexwlrq ri elgv1 Wkh qxpehu
ri srwhqwldo elgghuv lv xqnqrzq zlwk d elqglqj uhvhuyh sulfh1 D qdwxudo hvwlpdwru iru wkh srwhqwldo
qxpehu ri elgghuv L lv e L @p d { c L￿
c= Xvlqj H+L￿
cm}c,@L!+}c,/ dqg vroylqj iru !+}c,/ zh rewdlq iru dq|
46Wkh ruljlqdo uxoh ri wkxpe zdv ghulyhg dvvxplqj wkdw wkh xqghuo|lqj ghqvlw| zdv jdxvvldq1 Exw wklv jdxvvldq uhihuhqfh
uxoh fdq hdvlo| eh frqyhuwhg wr d uxoh edvhg rq d txduwlf nhuqho ixqfwlrq= wkh frqvwdqw lv wkhq 51:; lqvwhdg ri 41391 Vhh




















xvlqj d nhuqho hvwlpdwru iru wkh qrqsdudphwulf uhjuhvvlrq1
Zh fdq qrz ghgxfh wkh svhxgr0frvwv=








Wkh uhqw iru ￿up l> li lw lv wkh zlqqhu lq dxfwlrq o> lv jlyhq e|=
g uhqwlo @
4






Wkh uhqw ghfuhdvhv zlwk wkh qxpehu ri srwhqwldo elgghuv dqg zlwk wkh kd}dug udwh1
Wkh frqwudfwv iru whqghu lq gl￿huhqw sduwv ri wkh Flw| gl￿hu e| ydulrxv fkdudfwhulvwlfv= wud!f/
urdg zlgwk/ whuulwru| vl}h/ glvwdqfh wr wkh gxps vlwh/ dqg/ ryhu wlph/ e| wkh vwdwh ri wkh duwv lq vqrz
uhprydo1 Wkh fkdudfwhulvwlfv }o> wkh frqglwlrqlqj yduldeohv ri wkh elg kd}dug udwh/ vkrxog dffrxqw iru
wklv khwhurjhqhlw|1 Dv zh duh uhvwulfwhg uhjduglqj wkh qxpehu ri yduldeohv zh fdq xvh lq wkh hvwlpdwlrq/
zh kdyh wr uhvruw wr d yduldeoh uhgxfwlrq whfkqltxh147
Wr djjuhjdwh wkh glphqvlrqv ri {/ zkhuh { uhsuhvhqwv wkh fkdudfwhulvwlfv ri wkh frqwudfwv/ zh xvh d
vlqjoh0lqgh{ prgho } @ {￿= Wklv lpsolhv wkdw wkh frqglwlrqdo phdq ixqfwlrq ri wkh revhuyhg elgv zlwk
uhvshfw wr wkh fkdudfwhulvwlfv ri wkh frqwudfwv kdv wkh irup=
H+s m {,@H+s m {￿,@K+{￿, +44,
zkhuh ￿ lv dq xqnqrzq frqvwdqw yhfwru ri glphqvlrq n @6+wkh vdph glphqvlrq dv {,/ K lv dq xqnqrzq
ixqfwlrq dqg wkh txdqwlw| {￿ lv fdoohg d vlqjoh0lqgh{1 Wkh lqihuhqwldo sureohp lq +44, lv wr hvwlpdwh erwk
￿ dqg K iurp revhuydwlrqv ri +s>{,= Zh ixuwkhu dvvxph wkdw wkh frqglwlrqdo ghqvlw| dqg glvwulexwlrq
47￿Dowkrxjk pdq| hvwlpdwlrq vfkhphv/ lqfoxglqj nhuqho ^111‘ gluhfwo| jhqhudol}h wr kljkhu glphqvlrqv/ sudfwlfdo lpsoh0
phqwdwlrq odjv ehklqg wklv wkhruhwlfdo idfw1 ^111‘ Lw vhhpv olnho| wkdw wkh prvw xvhixo dssurdfk iru kljkhu glphqvlrqdo gdwd
lv glphqvlrq uhgxfwlrq ri vrph vruw1￿ +Vlprqr￿ ^4<<9‘,1
48ri wkh revhuyhg elgv zlwk uhvshfw wr wkh fkdudfwhulvwlfv ri wkh frqwudfwv duh ixqfwlrqv ri wkh vdph vlqjoh
lqgh{= J￿+s m {,@J￿+s m {￿, dqg j￿+s m {,@j￿+s m {￿,= Wklv dssurdfk doorzv wkh gdwd wr surylgh
wkh lqirupdwlrq rq wkh frqglwlrqdo uhodwlrq ehwzhhq elgv dqg frqwudfw fkdudfwhulvwlfv1 Wklv uhgxfwlrq
phwkrg lv idu suhihudeoh/ vd| wr d sulqflsdo frpsrqhqw dqdo|vlv wkdw zrxog rqo| h{sorlw wkh lqirupdwlrq
surylghg e| wkh fkdudfwhulvwlfv ri wkh frqwudfwv1
Wr hvwlpdwh ￿ dqg K iurp revhuydwlrqv ri +s>{,/ zh xvh d gluhfw vhplsdudphwulf hvwlpdwru wkdw
lv frpsxwdwlrqdoo| frqyhqlhqw vlqfh lw grhv qrw uhtxluh vroylqj dq rswlpl}dwlrq sureohp dqg lv qrq0
lwhudwlyh1 Wkh zhljkwhg dyhudjh ghulydwlyh ri wkh frqglwlrqdo phdq ixqfwlrq ri wkh revhuyhg elgv zlwk
uhvshfw wr wkh fkdudfwhulvwlfv ri wkh frqwudfwv zlwk zhljkw ixqfwlrq Z/ ghqrwhg ￿ @ H^Z+[,
CH^sm{‘
C{ ‘> lv
sursruwlrqdo wr ￿1 Xvlqj wklv surshuw| zh duh deoh wr hvwlpdwh ￿ xs wr d vfdoh dqg wr ghgxfh wkh ixqfwlrq
K1 Srzhoo/ hw do1 ^4<;<‘ jlyh frqglwlrqv xqghu zklfk e ￿ lv d frqvlvwhqw hvwlpdwru ri ￿ dqg O4@5+e ￿ ￿ ￿,
lv dv|pswrwlfdoo| qrupdoo| glvwulexwhg zlwk phdq 31 Wkh hvwlpdwru ri ￿ lv revhuydwlrqdoo| htxlydohqw
wr ￿ xs wr vfdoh qrupdol}dwlrq1 Wkh hvwlpdwru ri ￿> dgdswhg wr rxu gdwdvhw zkhuh wkh qxpehu ri elgv

















Wkh fkdudfwhulvwlfv ri wkh frqwudfwv/ ghqrwhg {/ irup d yhfwru ri glphqvlrq 6 +{4>{ 5>{ 6,1 Hdfk frqwudfw
lv fkdudfwhul}hg e| wkh ohqjwk ri wkh whuulwru|/ wkh glvwdqfh wr wkh vqrz gxps dqg d wuhqg yduldeoh wkdw
fdswxuhv whfkqrorjlfdo surjuhvv wkdw wrrn sodfh ryhu wkh shulrg1 Lw iroorzv iurp vwdqgdug surshuwlhv ri




















Lq +46,/ zh hvwlpdwh wkh pxowlyduldwh nhuqho ixqfwlrq dv wkh surgxfw ri rqh0glphqvlrqdo nhuqho ixqfwlrqv1
Wkh fkrlfh ri wkh nhuqho N￿ dqg wkh edqgzlgwk k @+ k4>k 5>k 6, duh h{sodlqhg lq wkh dsshqgl{1 Pruhryhu/
Cio+{o,
C{ lv hvwlpdwhg frqvlvwhqwo| e|
C e io+{o,
C{ = Iru h{dpsoh/ iru wkh ghulydwlyh zlwk uhvshfw wr wkh ￿uvw























Zh duh wkhq deoh wr frqvwuxfw rxu vlqjoh lqgh{ wkdw djjuhjdwhv wkh lqirupdwlrq derxw wkh frqwudfwv
dv iroorz=
} @ {￿ +48,
Ilqdoo|/ d qrqsdudphwulf hvwlpdwh ri wkh frvw glvwulexwlrq fdq eh rewdlqhg xvlqj wkh svhxgr0vdpsoh
+e flo>} o,>l @4 >===>L￿
o >o @4 >===>O1L i i+f>}, ghqrwhv wkh mrlqw ghqvlw| ri +F>], dqg i} +}, ghqrwhv wkh






























Xvlqj ￿txduwlf￿ nhuqho dv lq +;, dqg wkh vdph *uxoh ri wkxpe*/ zh rewdlq wkh edqgzlgwkv kif @4 =85
dqg ki} @5 : =<5 iru wkh i ixqfwlrq=
8 Uhvxowv
Zh dsso| wkh qrqsdudphwulf hvwlpdwlrq phwkrg rxwolqhg lq wkh suhfhglqj vhfwlrq wr rxu dxfwlrq prgho
dqg wkh 78: revhuyhg elgv iru vqrz uhprydo frqwudfwv zlwk wkh Flw| ri Prqwuhdo1 Iluvw/ zh suhvhqw wkh
hvwlpdwhg frqglwlrqdo elg ghqvlw| ixqfwlrqv dqg wkh lqihuuhg frqglwlrqdo frvw glvwulexwlrqv ri wkh sulydwh
frqwudfwruv1 Vhfrqg/ zh glvfxvv hfrqrplhv ri vfdoh dqg wkhlu h{sorlwdwlrq e| wkh Flw|1 Wklug/ zh wxuq
wr wkh lpsolflw lqirupdwlrqdo uhqwv hduqhg e| wkh sulydwh frqwudfwruv1 Ilqdoo|/ zh glvfxvv zkhwkhu wkh
uhvhuyh sulfh lv vhw rswlpdoo| ru qrw1 Lq hdfk fdvh/ zh frqiurqw rxu uhvxowv zlwk wkh lpsolfdwlrqv ri wkh
wkhruhwlfdo prgho/ dqg zh hydoxdwh wkh dfwlrqv wdnhq e| wkh Flw| iurp wkdw shuvshfwlyh1
4:814 Hvwlpdwhg Elg Ghqvlw| dqg Frvw Ghqvlw| Ixqfwlrqv
Zh ehjlq e| suhvhqwlqj wkh hvwlpdwhg elg ghqvlwlhv frqglwlrqdo rq ydulrxv ohyhov ri wkh fkdudfwhulvwlf }1
Iljxuh 5 vkrzv d vhohfwhg qxpehu ri hvwlpdwhg elg ghqvlwlhv j+￿m}, sorwwhg vlgh e| vlgh 481 Wkh ghqvlwlhv
duh xqlprgdo dqg txlwh v|pphwulf lq vkdsh +dowkrxjk voljkwo| vnhzhg,1 Wkh prgh dsshduv wr ghfuhdvh
prqrwrqlfdoo| zlwk }1 Wklv uhvxow lqglfdwhv wkdw elgv ghfuhdvh zlwk whuulwru| vl}h dqg whfkqrorjlfdo
surjuhvv vlqfh kljk srvlwlyh ydoxhv ri } fruuhvsrqg wr pruh uhfhqw |hduv dqg odujhu whuulwru| vl}hv1 Lq
dgglwlrq/ lw lv dssduhqw wkdw wkh yduldqfh ri wkh elgv ghfuhdvhv dv } lqfuhdvhv1
Wkh nqrzohgjh ri wkh elg ixqfwlrqv doorz xv wr frqvwuxfw wkh svhxgr0vdpsoh ri frvwv/ xvlqj +<,1 Zh
￿qg wkdw/ iru d jlyhq }/ wkh hvwlpdwhg frvw vfkhgxoh ￿o+￿, lv lqghhg dq lqfuhdvlqj ixqfwlrq ri wkh elgv/ dv
uhtxluhg e| sursrvlwlrq 4491 Wkh frqglwlrqdo frvw ghqvlw| ixqfwlrqv suhvhqwhg lq Iljxuh 6 kdyh d vkdsh
txlwh vlplodu wr wkh frqglwlrqdo elg ghqvlw| ixqfwlrqv +xqlprgdo dqg voljkwo| vnhzhg,1 Iljxuh 6 vkrzv
wkdw dq lqfuhdvh lq whuulwru| vl}h dqg whfkqrorjlfdo surjuhvv +hyhu|wklqj hovh htxdo, ohdgv wr d uhgxfwlrq
lq wkh phdq dqg wkh yduldqfh ri wkh frvw ri vqrz uhprydo e| sulydwh frqwudfwruv1 Wklv pd| vljqdo
wkh suhvhqfh ri xqh{sorlwhg hfrqrplhv ri vfdoh/ uhwxuqv wr vfdoh lq wkh lqgxvwu| dqg xqxvhg fdsdflw| ri
surgxfwlrq1
815 H{shfwhg Elgv dqg Frvwv
Lq Iljxuh 7/ zh suhvhqw wkh frqglwlrqdo h{shfwdwlrq ri frvwv dqg elgv +hvwlpdwhg vhplsdudphwulfdoo|,
zklfk kljkoljkw krz wkh elgv dqg wkh frvwv fkdqjh zlwk }1 Vlqfh kljk srvlwlyh ydoxhv ri } fruuhvsrqg wr
pruh uhfhqw dxfwlrqv dqg odujhu whuulwru| vl}hv/ lw dsshduv wkdw wkh frpelqhg lq xhqfh ri wkh vl}h ri wkh
whuulwru| dqg whfkqrorjlfdo surjuhvv kdv uhgxfhg wkh elgv dqg wkh frvwv vwurqjo| dw wkh ehjlqqlqj ri wkh
shulrg dqg dw d vorzhu sdfh diwhuzdugv1 Wr vhsdudwh wkh uhvshfwlyh uroh ri whuulwru| vl}h dqg whfkqrorjlfdo
surjuhvv zh dvvhvv wkh uhodwlyh vhqvlwlylw| ri } wr ohqjwk/ glvwdqfh/ dqg whfkqrorjlfdo surjuhvv1 Iru wkdw/
zh jr edfn wr wkh frqvwuxfwlrq ri wkh vlqjoh lqgh{ } @ {￿ wkdw djjuhjdwhv wkh glphqvlrq ri wkh frqwudfw
fkdudfwhulvwlfv { +ohqjwk/ glvwdqfh/ whfkqrorjlfdo surjuhvv,1 Wkh frh!flhqwv lq ￿> duh revhuydwlrqdoo|
48Wkh ydoxhv ri 5 duh fkrvhq dorqj d julg ri ydoxhv frqvwuxfwhg rq d5c5o1 Zh suhvhqw wkh 58wk/ 83wk dqg :8wk shufhqwloh1
49Judskv ri wkh 1,Eu￿ ixqfwlrqv duh dydlodeoh xsrq uhtxhvw1
4;htxlydohqw wr wkrvh lq ￿ xs wr vfdoh qrupdol}dwlrq/ dqg jlyh wkh uhodwlyh vhqvlwlylw| ri } wr wkh yhfwru {1
Zh kdyh irxqg e ￿ @+ 4 =333>￿7=36:>53=459,= Lw iroorzv wkdw } lv 53 wlphv pruh vhqvlwlyh wr whfkqrorjlfdo
surjuhvv wkdq wr wkh ohqjwk ri wkh whuulwru|/ l1h1 wkh h￿hfw ri whfkqrorjlfdo surjuhvv wkdw wdnhv sodfh
lq rqh |hdu lv htxlydohqw wr dq lqfuhdvh ri 53 nlorphwhuv lq wkh ohqjwk ri wkh whuulwru|1 Lw vxjjhvwv
wkdw wkh lqfuhdvh lq whuulwru| vl}h dorqh grhv qrw h{sodlq pxfk ri wkh uhgxfwlrq lq frvwv dqg elgv1 Wkh
frh!flhqwv ri wkh vlqjoh lqgh{ dovr lqglfdwh wkdw } lv irxu wlphv pruh vhqvlwlyh wr wkh glvwdqfh wr wkh
vqrz gxps wkdq wr wkh ohqjwk ri wkh whuulwru| dqg wkhuhiruh vxjjhvwv wkdw wkh uhgxfwlrq ri sulfh dqg
frvwv iurp odujhu whuulwrulhv lv sduwldoo| rxwzhljkhg e| dq lqfuhdvh lq wkh wudqvsruwdwlrq frvw wr wkh
vqrz gxps ehfdxvh odujhu whuulwrulhv lpso| odujhu glvwdqfh wr wkh vqrz gxps4:1 Pruhryhu/ lw lv yhu|
olnho| wkdw vrph whfkqrorjlfdo surjuhvv kdv ehhq lqgxfhg e| odujhu whuulwru| vl}h1 Dv d pdwwhu ri idfw/
lqfuhdvlqj wkh whuulwru| vl}h kdv irufhg ￿upv wkdw glg qrw douhdg| xvh h!flhqw htxlsphqw wr xsjudgh
wkhlu pdfklqhu| lq rughu wr phhw wkh ghdgolqhv lpsrvhg e| wkh Flw| wr fohdu wkh vfkrro dqg krvslwdo
duhdv1 Wklv lqwhusuhwdwlrq lv fruurerudwhg e| uhvxowv lqglfdwlqj wkdw wkh yduldqfh ri frvwv zdv odujhu dw
wkh ehjlqqlqj ri wkh shulrg wkdq dw wkh hqg ri wkh shulrg1
Wkh frqmhfwxuh wkdw wkh lqfuhdvh lq whuulwru| vl}h wuljjhuhg whfkqrorjlfdo surjuhvv lv dovr uhlqirufhg e|
Fdqdgldq pxowlidfwru surgxfwlylw|1 Rq rqh kdqg/ iru wkh shulrg 4<;; wr 5333/ wkh dqqxdo jurzwk udwh ri
pxowlidfwru surgxfwlylw| kdv ehhq ehwzhhq 317( iru exvlqhvv vhfwru0vhuylfhv dqg 41:( lq pdqxidfwxulqj
4:Dqrwkhu zd| wr jhw vrph lqvljkwv lqwr wkh uhodwlyh frqwulexwlrqv ri hdfk idfwru zrxog eh wr xvh rxu vhplsdudphwulf
hvwlpdwh ri wkh frqglwlrqdo h{shfwdwlrq ri elgv +vhh Iljxuh 7, wr fkrrvh d ixqfwlrqdo irup iru M dqg wkhq uhhvwlpdwh
sdudphwulfdoo| wkh frqglwlrqdo h{shfwdwlrq ri elgv1 Zh fkrvh d txdgudwlf irup wkdw vhhpv txlwh forvh wr wkh irup jlyhq e|
Iljxuh 7 h{fhsw iru wkh lq h{lrq srlqw wkdw lv qrw wdnhq lqwr dffrxqw zlwk d txdgudwlf irup1 Zh irxqg wkdw e q xs wr d vfdoh
lv htxdo wr e q ’E ￿ c32￿fece￿f￿￿ dqg wkdw wkh hvwlpdwh ri wkh ixqfwlrq M lv e ME5￿’ _ .ER ￿ 5￿’￿ ￿ ￿D23f￿2b5 nf￿f￿52 zkhuh
5 ’ %q ’ q￿u n q2( n q￿A1 Wkh sdudphwulfdoo| hvwlpdwhg vlqjoh lqgh{ lv txlwh gl￿huhqw iurp wkh vhplsdudphwulfdoo|
hvwlpdwhg vlqjoh lqgh{ zkrvh frh!flhqwv duh uhvshfwlyho| +4/07137/53146,1 Lw lqglfdwhv wkdw d txdgudwlf ixqfwlrq lv qrw
 h{leoh hqrxjk wr uhsuhvhqw wkh ixqfwlrq M1 Lw dovr lqglfdwhv wkdw wkh iroorzlqj uhvxowv ghulyhg iurp wkh sdudphwulf
hvwlpdwlrq kdyh wr eh lqwhusuhwhg zlwk fdxwlrq1 Wkh ghulydwlyh ri sdudphwulfdoo| hvwlpdwhg frqglwlrqdo elgv zlwk uhvshfw
wr whuulwru| vl}h/ glvwdqfh dqg wlph duh uhvshfwlyho| 03137/ 3176 dqg 031741 Wkhuhiruh/ hdfk dgglwlrqdo nlorphwhu ri whuulwru|
vl}h uhgxfhv wkh elg e| 7 fhqwv shu phwhu ri vwuhhwv fohduhg ri vqrz/ zkloh hdfk |hdu wkh jurzwk lq whfkqlfdo surjuhvv uhgxfhv
wkh elgv e| 74 fhqwv shu phwhu ri vqrz fohdulqj1 Frqvlghulqj wkdw wkh phdq whuulwru| vl}h lqfuhdvhg e| : nlorphwhuv ehwzhhq
4<<3 dqg 4<<8 dqg wkdw wkh vpdoohvw whuulwru| +dxfwlrqhg lq 4<<3, zdv 56 nlorphwhuv vkruwhu wkdq wkh odujhvw rqh +dxfwlrqhg
lq 4<<9,/ wkh sulfh lpsdfw ri fkdqjhv lq whuulwru| vl}h kdv ehhq prghudwh1 Dv d pdwwhu ri idfw/ li zh frpsduh wkh dyhudjh
iru wkh |hduv 4<<8 dqg 4<<3/ zh ￿qg wkdw elgv zrxog kdyh ghfuhdvhg e| urxjko| ’4163 dv wkh uhvxow ri wkh : nlorphwhu
lqfuhdvh lq vl}h ri wkh dyhudjh whuulwru|/ wkh 7 |hduv ri whfkqrorjlfdo surjuhvv dqg ri wkh 4178 nlorphwhu lqfuhdvhg glvwdqfh
wr wkh vqrz gxps1 Prvw ri wkh ghfuhdvh lq elgv fdph iurp whfkqrorjlfdo surjuhvv vlqfh wkh lqfuhdvh lq whuulwru| vl}h fxw
elgv e| rqo| 5; fhqwv zkloh whfkqrorjlfdo surjuhvv uhgxfhg elgv e| ’4197 ryhu wkh irxu |hduv +ru urxjko| e| 618( dqqxdoo|,
dqg wkh lqfuhdvh wr wkh vqrz gxps lqfuhdvhg wkh elgv e| 95 fhqwv1 Zkhq frpsdulqj wkh dyhudjh elgv iru wkhvh wzr |hduv/
zh ￿qg wkdw lq idfw elgv kdyh ghfuhdvhg e| qhduo| ’5/ iurp ’461852p wr ’441862p1 Wkhuhiruh/ zh h{sodlq 98( ri wkdw
uhgxfwlrq lq elgv zlwk rxu ohdvw0vtxduhv hvwlpdwhv1 Lq erwk fdvhv 0zlwk wkh vhplsdudphwulf dqg wkh sdudphwulf hvwlpdwhv0
whfkqrorjlfdo surjuhvv h{sodlqv prvw ri wkh uhgxfwlrq lq elgv1
4<lqgxvwulhv dffruglqj wr d Vwdwlvwlfv Fdqdgd vxuyh|4;1 Rq wkh rwkhu kdqg/ h{shfwhg elgv dqg frvwv
frqglwlrqdo rq } kdyh ghfuhdvhg e| dssur{lpdwho| 57( ryhu rxu shulrg ri vwxg|4<1 Lq rwkhu zrugv/ elgv
dqg frvwv kdyh glplqlvkhg e| urxjko| 7( d |hdu iroorzlqj fkdqjhv lq }/ qhduo| doo ri zklfk fdph iurp
whfkqrorjlfdo surjuhvv dffruglqj wr wkh frh!flhqwv lq rxu vlqjoh lqgh{1 Wklv lv pxfk eljjhu wkdq wkh
Fdqdgldq ￿jxuhv dqg vxjjhvwv whfkqrorjlfdo lqqrydwlrqv eh|rqg wkh %qrupdo% h{rjhqrxv whfkqrorjlfdo
surjuhvv lq wkh lqgxvwu|1 Lq wklv vhqvh/ zh fdq vd| wkdw lqfuhdvlqj wkh whuulwru| vl}h kdv ehhq d vxffhvvixo
srolf|/ dv vkrzq lq Iljxuh 7531
816 Lqirupdwlrqdo Uhqwv
Lw zrxog eh xqzlvh wr lqfuhdvh whuulwru| vl}h li frvw uhgxfwlrqv zhuh r￿vhw e| lqfuhdvhg uhqwv gxh wr
hlwkhu orzhu frpshwlwlrq ru d odujhu yduldqfh ri frvwv dprqj srwhqwldo vxssolhuv1 Dv vkrzq lq Iljxuh
8/ wkh lqirupdwlrqdo uhqw54 hduqhg e| d frqwudfw zlqqhu lv durxqg 319: fhqwv shu phwhu ri vqrz fohduhg
ryhu wkh zlqwhu rq dyhudjh/ ru derxw 91:( ri wkh zlqqhu*v frvw1 Wkhuhiruh/ wkh frvw ri dv|pphwulf
lqirupdwlrq wxuqv rxw qrw wr eh h{fhvvlyh dqg lwv hyroxwlrq lv qr fdxvh iru frqfhuq1 Wkh uhqw uhpdlqhg
uhodwlyho| frqvwdqw ryhu wkh shulrgv ^4<<304<<5‘/ ^4<<604<<9‘ dqg ^4<<:04<<;‘ zlwk uhvshfwlyho| 31:3/ 3195
dqg 31:4 fhqwv shu phwhu1 Li zh frpsduh wkh uhqwv iru vlplodu whuulwrulhv +sxw xs wr whqghu hyhu| irxu
|hduv,/ zh jhqhudoo| ￿qg wkdw wkh uhqw idoov zlwk wkh ohqjwk ri wkh whuulwru|551 Exw idfwruv vxfk dv d
fkdqjh lq uhvhuyh sulfh ru lq wkh yduldqfh ri frvwv ri wkh srwhqwldo elgghuv dovr d￿hfw wkh uhqwv1 Erwk
kdyh idoohq dqg dovr h{sodlq wkh uhgxfwlrq lq uhqw1 Wkh fruuhodwlrq ehwzhhq wkh hvwlpdwhg uhqw dqg wkh
4;Zh xvhg Wkh Gdlo| iurp Vwdwlvwlfv Fdqdgd ri Wxhvgd| Pd| 55/ 5334 zklfk suhvhqwv gdwd rq pxowlidfwru surgxfwlylw|
iru 4<;;053331 Wkh vwdwlvwlfv kdyh ehhq frpsxwhg xvlqj wkh pdwulfhv <7890<78; dqg <7930<7;6 lq Fdqvlp1
4<Zkhq zh hvwlpdwh qrqsdudphwulfdoo| wkh frqglwlrqdo h{shfwdwlrq ri elgv zlwk uhvshfw wr }/ zh ￿qg d pd{lpxp ri
46159’2p dw wkh ehjlqqlqj ri wkh shulrg dqg d plqlpxp ri 4313;’2p dw wkh hqg ri wkh shulrg1 Iru wkh frqglwlrqdo
h{shfwdwlrq ri frvwv zlwk uhvshfw wr }/ wkh pd{lpxp dw wkh ehjlqlqj ri wkh shulrg lv 4519;’2p dqg wkh plqlpxp dw wkh
hqg ri wkh shulrg lv <1:3 ’2p1 Wkhuhiruh wkh h{shfwhg elgv dqg frvwv iru wkh Flw| kdyh ghfuhdvhg e| dssur{lpdwho| 57(
ryhu wkh shulrg1
53Wkh uhgxfwlrq ri frvwv rq doo whuulwrulhv dovr vxjjhvwv wkdw ￿upv zhuh deoh wr uhds hyhq pruh wkh ehqh￿wv ri ehwwhu
htxlsphqw rq odujhu whuulwrulhv1 Lw zrxog wkhuhiruh vxjjhvw wkdw ￿upv zhuh deoh wr hqmr| uhwxuqv wr vfdoh dqg pd|eh
lqfuhdvh wkhlu fdsdflw| ri surgxfwlrq wrzdug ixoo fdsdflw| iru hdfk whuulwru|1
54Iljxuh 8 vkrzv dyhudjh zlqqhu*v elgv dqg hvwlpdwhg zlqqhu*v frvwv ryhu wkh vdpsoh shulrg1 Wkh lqirupdwlrqdo uhqw lv
wkh duhd ehwzhhq wkhvh wzr fxuyhv1
55Zh kdyh frpsduhg wkh |hdu 4<<3 zlwk wkh |hdu 4<<8 zkhq wkh 4<<3 frqwudfwv zhuh uhqhzhg1 Ehwzhhq wkhvh wzr gdwhv/
wkh dyhudjh whuulwru| vl}h lqfuhdvhg iurp 65 np wr 6< np dqg wkh uhqwv ihoo iurp 31:9’2p wr 3175’2p rq dyhudjh1 Zkhq
zh shuirup wkh vdph h{huflvh iru wkh |hduv 4<<4 dqg 4<<9/ dqg 4<<5 dqg 4<<: uhvshfwlyho|/ zh dovr ￿qg lq erwk fdvhv
wkh whuulwru| vl}h lqfuhdvhg zkloh uhqwv gursshg1 Ilqdoo|/ ehwzhhq 4<<6 dqg 4<<;/ wkh dyhudjh uhqw ghfuhdvhg ghvslwh d
frqvwdqw whuulwru| vl}h1
53yduldqfh ri frvw lv srvlwlyh zklfk lv frqvlvwhqw zlwk wkh wkhruhwlfdo prgho561 Wdeoh 7 jlyhv wkh dyhudjh
ri wkh zlqqhu*v lqirupdwlrqdo uhqw lq gl￿huhqw shulrgv/ dorqj zlwk d qxpehu ri dxfwlrq fkdudfwhulvwlfv1
Wkh gdwd kdv ehhq jurxshg lqwr wkuhh shulrgv ri wkuhh |hduv hdfk/ h{fhsw iru wkh odvw shulrg/ zklfk
lqfoxghv rqo| wzr |hduv ehfdxvh lw frlqflghv zlwk wkh hqg ri wkh vdpsoh157
817 Rswlpdo Uhvhuyh Sulfhv
Wkh rswlpdo uhvhuyh sulfh/ ghqrwhg s￿
ro vkrxog eh fkrvhq wr plqlpl}h wkh h{shfwhg frvw wr wkh ex|hu1 Lw
doorzv wr fdswxuh sduw ri wkh lqirupdwlrqdo uhqw wkdw jrhv wr wkh zlqqhu e| uhvwulfwlqj wkh qxpehu ri
sduwlflsdqwv1 Lw lv gh￿qhg e|
s￿






zkhuh fro lv wkh frvw wr wkh Flw| ri Prqwuhdo wr shuirup wkh dfwlylw| lwvhoi1 Vlqfh zh grq*w nqrz fro> zh
frpsxwh fro iurp htxdwlrq +4:, dvvxplqj wkdw wkh uhvhuyh sulfhv duh rswlpdoo| fkrvhq1 Zh ￿qg wkdw wkh
lpsolflw frvw iru wkh Flw| fro lv qhduo| htxdo wr wkh uhvhuyh sulfh +zlwk d gl￿huhqfh wkdw grhv qrw h{fhhg
4(, dqg lv 4717( kljkhu wkdq wkh dyhudjh frvw ri wkh sulydwh vxssolhuv +vhh Wdeoh 8,1 Lw lqglfdwhv wkdw
wkh frvw ri vqrz uhprydo iru wd{sd|huv zrxog lqfuhdvh e| dw ohdvw 4717( li wkh Flw| ri Prqwuhdo zdv
qrw dxfwlrqlqj r￿ wkh vhuylfhv1 Wkh shufhqwdjh gl￿huhqfh ri krz pxfk lw zrxog frvw wkh Flw| dqg wkh
sulydwh vxssolhuv ydulhv ehwzhhq 9( dqg 7;( +vhh Wdeoh 8,1 Zh fdq wkhuhiruh frqfoxgh wkdw wkh Flw|
kdv d odujh frpsdudwlyh glvdgydqwdjh rq vrph whuulwrulhv581
Ilqdoo|/ wkhvh uhvxowv vxjjhvw wkdw li wkh Frvw iru wkh Flw| lv lqghhg frqvlvwhqwo| 4717( kljkhu rq
dyhudjh wkdq lwv vxssolhuv/ wkh uhvhuyh sulfhv duh qhduo| rswlpdoo| vhw ryhu wkh zkroh shulrg 4<<304<<;
dqg wkdw wkh Flw| kdv nhsw xs vxffhvvixoo| zlwk wkh uhgxfwlrq ri surgxfwlrq frvw591 Lw lv wuxh wkdw zh
dfwxdoo| grq*w nqrz li wkh Flw| frvw kdv lqghhg fkdqjhg dffruglqj wr lwv vxssolhu frvwv1 Krzhyhu/ lw lv
56Zkhq wkh ￿upv duh pruh dolnh/ wkh yduldqfh ri frvwv idoov dqg wkh lqirupdwlrqdo uhqw lv uhgxfhg1 Zh ￿qg d srvlwlyh
fruuhodwlrq ri 318<1
57Dv douhdg| phqwlrqhg/ iru klvwrulfdo uhdvrqv/ qr frqwudfwv zhuh r￿huhg lq 4<<7/ zklfk h{sodlqv zk| wkh 4<<604<<9
shulrg lv lqghhg d wkuhh |hdu shulrg frqwudfw1
58Krzhyhu/ lw lv srvvleoh wkdw wkh uhvhuyh sulfhv duh qrw rswlpdoo| fkrvhq1 Li wkh frvw lv rq dyhudjh ohvv wkdq 4717(
kljkhu iru wkh Flw| wkdq iru lwv vxssolhuv/ wkhq wkh uhvhuyh sulfhv vkrxog eh orzhu1 Rwkhuzlvh wkh| duh wrr pxfk elqglqj
dqg rxjkw wr eh lqfuhdvhg1
59Wkh uhvhuyh sulfh ghshqgv rq wkh frvw ri surgxfwlrq ri wkh Flw| dqg qrw ri wkh vxssolhu frvwv1 Krzhyhu/ zh kdyh mxvw
lpsolflwo| dvvxphg wkdw wkh vxssolhu frvwv duh yhu| fruuhodwhg zlwk wkh Flw| frvw1 Dv d pdwwhu ri idfw/ erwk wkh Flw| dqg
lwv vxssolhuv kdyh ehqh￿whg iurp wkh vdph whfkqrorjlfdo surjuhvv1
54olnho| wkdw wkh jds ehwzhhq wkh Flw| frvw dqg lwv vxssolhuv uhpdlqhg frqvwdqw5:1 Dv d pdwwhu ri idfw/
wkh Flw| shuirupv lwvhoi vrph ri wkh dfwlylw| dqg wkhuhiruh kdv idfhg wkh vdph fkdqjhv dv lwv vxssolhuv
ryhu wlph1
9 Frqfoxvlrq
Zh kdyh hydoxdwhg wkh shuirupdqfh ri vqrz uhprydo surfxuhphqw iurp gdwd rq elgv/ wkh qxpehu ri
elgghuv dqg vrph ri wkh fkdudfwhulvwlfv ri 78: frqwudfwv r￿huhg iru whqghu e| wkh Flw| ri Prqwuhdo
ehwzhhq 4<<3 dqg 4<<;1 Xvlqj qrqsdudphwulf hvwlpdwlrq whfkqltxhv dgdswhg iurp Jxhuuh hw do1 ^5333‘/
zh zhuh deoh wr frpsxwh elg ghqvlw| ixqfwlrqv frqglwlrqdo rq frqwudfw fkdudfwhulvwlfv/ dqg wr lqihu
wkh frvw glvwulexwlrqv ri wkh ￿upv wkdw gr frqwudfwxdo zrun iru wkh Flw|/ dv zhoo dv wkh lqirupdwlrqdo
uhqwv wkh| hduq1 Erwk wkh elg dqg wkh frvw ghqvlwlhv duh xqlprgdo/ dqg wkhlu phdqv dqg yduldqfhv
ghshqg rq frqwudfw fkdudfwhulvwlfv1 Wkh odwwhu kdyh ehhq vxppdul}hg xvlqj d vlqjoh lqgh{ hvwlpdwhg
vhplsdudphwulfdoo| dgdswlqj wkh phwkrg ri Srzhoo hw do1 ^4<;<‘ dqg wkhuhiruh h{sorlwlqj wkh uhodwlrqvkls
ehwzhhq wkh elgv dqg wkh fkdudfwhulvwlfv1
Elgv dqg frvwv kdyh ghfuhdvhg ryhu wkh vdpsoh shulrg zkloh lqirupdwlrqdo uhqwv uhpdlqhg uhodwlyho|
frqvwdqw1 Rxu uhvxowv zhuh vkrzq wr eh frpsdwleoh zlwk vwdqgdug uhfhlyhg wkhru| ri frpshwlwlyh
dxfwlrqv= wkhuh lv d srvlwlyh fruuhodwlrq ehwzhhq frvwv dqg elgv dqg uhqwv lqfuhdvh zlwk wkh yduldqfh ri
frvwv1
Erwk wkh prgho dqg wkh whfkqltxhv xvhg wr rewdlq wkh uhvxowv uho| rq wkh dvvxpswlrq ri shuihfw
frpshwlwlrq1 Zh glg qrw dgrsw wklv dvvxpswlrq zlwkrxw vrph vwurqj d sulrul lqglfdwlrqv wkdw lw zdv d
uhdvrqdeoh dssur{lpdwlrq ri uhdolw|1 Zh glvfxvvhg wkh lvvxh zlwk Flw| r!fldov dqg sulydwh frqwudfwruv
zkr/ uhvshfwlyho|/ frqjudwxodwhg wkhpvhoyhv dqg ghsoruhg wkdw frpshwlwlrq zdv vwurqj1 Pruhryhu/ wkh
Flw| ri Prqwu￿do +zlwk d srsxodwlrq ri rqh ploolrq, lv rqo| rqh ri vhyhudo pxqlflsdolwlhv lq dq xuedq
frppxqlw| ri wkuhh ploolrq shrsoh/ wkdw xvh wkh vhuylfhv ri sulydwh hqwuhsuhqhxuv iru vqrz uhprydo1 Wkh
uhvhuyrlu ri hqwuhsuhqhxuv lv hyhq odujhu dv wkhlu dfwlylwlhv duh qrw olplwhg wr vqrz uhprydo1 Ilupv dv
5:Wkh Flw| pljkw kdyh kljkhu frvwv wkdq lwv vxssolhuv ehfdxvh lw shuirupv pdq| dfwlylwlhv dqg grhv qrw vshfldol}h
sduwlfxoduo| lq vqrz uhprydo1 Pruhryhu/ wkh Flw| pljkw idfh pruh frqvwudlqwv +lq sduwlfxodu oderxu frqvwudlqwv, wkdq lwv
vxssolhuv1
55gl￿huhqw dv sdylqj frqwudfwruv/ odqgvfdsh frqwudfwruv/ odzq przhuv/ h{fdydwlqj dqg exloglqj ￿upv fdq
surylgh vqrz uhprydo vhuylfhv gxulqj wkh zlqwhu vhdvrq e| pdnlqj plqru dgglwlrqv wr wkhlu htxlsphqw1
Ilqdoo|/ wkh gdwd lqglfdwhv wkdw wkh qxpehu ri dfwxdo elgghuv zdv frqvlvwhqwo| dw durxqg vhyhq ru hljkw/
lq prvw dxfwlrqv1 Rxu uhvxowv whqg wr frq￿up wklv d sulrul lqirupdwlrq= uhqwv ohiw lq wkh kdqgv ri wkh
zlqqlqj elgghuv zhuh irxqg wr eh frqvlvwhqwo| orz ryhu wkh vdpsoh shulrg1
Dowkrxjk zrunlqj k|srwkhvhv fdq dozd|v eh fkdoohqjhg/ zh ihho frq￿ghqw wkdw rxu lqyhvwljdwlrq ri
srolf| lvvxhv lv zhoo0jurxqghg1 Wkh hylghqfh lv wkdw wkh Flw| kdv h￿hfwlyho| h{sorlwhg wkh rssruwxqlwlhv
lw kdg wr uhgxfh wkh frvw ri vqrz uhprydo vhuylfhv1 Wkh elgv iru/ dqg wkh xqghuo|lqj frvwv ri/ vqrz
uhprydo kdyh ghfolqhg ryhu wkh shulrg 4<<3 wr 4<<;1 Lw dsshduv wkdw wkh Flw| zdv qrw sdvvlyh lq wkdw
surfhvv1 Zlwklq wkh iudphzrun ri frpshwlwlyh vxsso| dxfwlrqv/ wkhuh zhuh dw ohdvw wzr edvlf zd|v lq
zklfk lw zdv deoh wr uhgxfh wkh dprxqw wkh wd{sd|hu kdg wr sd| iru vqrz uhprydo vhuylfhv1 Iluvw/ lw
rujdql}hg wkh zrun lq vxfk d zd| dv wr uhgxfh wkh frvw ri shuiruplqj wkh vhuylfh1 Wkh hylghqfh vxjjhvwv
wkdw lqfuhdvlqj whuulwru| vl}h kdv wuljjhuhg whfkqrorjlfdo lqqrydwlrqv eh|rqg wkh %qrupdo% h{rjhqrxv
whfkqrorjlfdo surjuhvv lq wkh lqgxvwu|1 Vhfrqg/ lw gh￿qhg wkh frqwudfwv vr dv wr pdnh wkh srro ri elgghuv
pruh krprjhqhrxv/ wkxv uhgxflqj frvw yduldqfh dqg fxwwlqj wkh uhqw ohiw lq wkh kdqgv ri wkh zlqqhu1
Wkhuh lv vrph hylghqfh wkdw wkh frvw yduldqfh zdv uhgxfhg ryhu wkh vdpsoh shulrg e| pdnlqj wkh
whuulwrulhv pruh krprjhqhrxv1 Ixuwkhu wkh uhvhuyh sulfhv dsshduhg elqglqj dqg kdyh ehhq ghfuhdvhg
dghtxdwho| wr nhhs xs zlwk wkh uhgxfwlrq lq wkh frvw ri vqrz uhprydo1
Vhyhudo rwkhu dvshfwv ri wkh Flw|*v surfxuhphqw srolflhv zrxog eh zruwk lqyhvwljdwlqj1 Iru h{dpsoh/
lw lv srvvleoh wkdw wkh lqglylgxdo frvwv ri sulydwh frqwudfwruv duh qrw hqwluho| lqghshqghqw exw pljkw kdyh
d frpprq frpsrqhqw gxh wr phwhrurorjlfdo iruhfdvwv ru rwkhu idfwruv1 E| vwlsxodwlqj krz zhdwkhu ulvnv
duh vkduhg e| wkh Flw| dqg wkh frqwudfwruv/ wkh Flw| pljkw lq xhqfh wkh elgglqj1 Dqrwkhu lqwhuhvwlqj
dxfwlrq pdqdjhphqw txhvwlrq zrxog eh wr dvn zkhwkhu wkh Flw| vkrxog nhhs iru lwvhoi dq| whuulwru| iru
vqrz uhprydo ru zkhwkhu lw vkrxog frqwudfw doo ri wkhp wr wkh sulydwh vhfwru1 Ilqdoo|/ zh frxog lqyhvwljdwh
zkhwkhu wkh vqrz fohdudqfh dqg lwv wudqvsruwdwlrq vkrxog eh d mrlqw ru wzr vhsdudwh surfxuhphqwv sxw
xs iru dxfwlrq1 Zh ohdyh wkdw iru ixuwkhu zrun1
Zh dfnqrzohgjh wkh vxssruw ri VVKUF1 Wkh ￿uvw dxwkru dovr wkdqnv FLUDQR iru lwv ￿qdqfldo
vxssruw gxulqj sduw ri wkh frpsohwlrq ri wklv zrun1
56Uhihuhqfhv
Grqdog/ V1J1/ Sdduvfk/ K1M1/ 4<<61 Slhfhzlvh Pd{lpxp Olnholkrrg Hvwlpdwlrq lq Hpslulfdo Prghov
ri Dxfwlrqv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 67/ 454047;1
Grqdog/ V1J1/ Sdduvfk/ K1M1/ 4<<91 Lghqwl￿fdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj lq Sdudphwulf Hpslulfdo
Prghov ri Dxfwlrqv zlwklq wkh Lqghshqghqw Sulydwh Ydoxh Sdudgljp1 Hfrqrphwulf Wkhru| 45/ 84:089:1
Ho|dnlph/ E1/ Od￿rqw/ M1M1/ Orlvho/ S1/ Yxrqj/ T1/ 4<<71 Iluvw0Sulfh Vhdohg0Elg Dxfwlrqv zlwk Vhfuhw
Uhvhuydwlrq Sulfhv1 Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 67/ 44804741
Iodpedug/ Y1/ L1 Shuuljqh/ 53371 Dv|pphwu| lq Surfxuhphqw Dxfwlrqv= Hylghqfh iurp Vqrz Uh0
prydo Frqwudfwv1 Plphr/ Judqw PdfHzdq Froohjh1
Ioruhqv/ M1S1/ Kxjr/ P1D1/ Ulfkdug/ M1I1/ 4<<:1 Jdph Wkhru| Hfrqrphwulf Prghov= Dssolfdwlrq wr
Surfxuhphqwv lq wkh Vsdfh Lqgxvwu|1 Hxurshdq Hfrqrplf Uhylhz 74/ <840<8<1
Jdvvhu/ W1/ Pxhoohu/ K0J/ Pdpplw}vfk/ Y1/ 4<;81 Nhuqhov iru Qrqsdudphwulf Fxuyh Hvwlpdwlrq1
Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E 7:+5,/ 56;05851
Jxhuuh/ H1/ Shuuljqh/ L1/ Yxrqj/ T1/ 53331 Rswlpdo Qrqsdudphwulf Hvwlpdwlrq ri Iluvw0Sulfh Dxf0
wlrqv1 Hfrqrphwulfd 9;+6,/ 85808:71
Mriuh0Erqhw/ P1 dqg P1 Shvhqgruihu/ 53361 Hvwlpdwlrq ri d G|qdplf Dxfwlrq Jdph/ Hfrqrphwulfd
:4/ 4776047;<1
K￿ugoh/ Z1/ 4<<31 Dssolhg Qrqsdudphwulf Uhjuhvvlrq/ Hfrqrphwulf Vrflhw| Prqrjudskv/ Fdp0
eulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
K￿ugoh/ Z1/ 4<<41 Vprrwklqj Whfkqltxhv zlwk Lpsohphqwdwlrq lq V/ Vsulqjhu Vhulhv lq Vwdwlvwlfv/
Qhz \run/ Vsulqjhu0Yhuodj1
K￿ugoh/ Z1 dqg D1 E1 Wv|ednry/ 4<<61 Krz vhqvlwlyh Duh Dyhudjh GhulydwlyhvB1 Mrxuqdo ri Hfrqr0
phwulfv/ 8;/ 6407;1
Kdvvdql/ V1/ Vdugd/ S1 Ylhx/ S1/ 4<;91 Dssurfkh qrq sdudp￿wultxh hq wk￿rulh gh od ￿delolw￿= uhyxh
eleolrjudskltxh1 Uhyxh gh Vwdwlvwltxhv Dssoltx￿hv 68+7,/ 5:0741
Nudvqrnxwvnd|d/ K1/ 53351 Lghqwl￿fdwlrq dqg Hvwlpdwlrq lq Kljkzd| Surfxuhphqw Dxfwlrqv xqghu
Xqrevhuyhg Khwhurjhqhlw|1 Zrunlqj Sdshu/ \doh Xqlyhuvlw|1
57Od￿rqw/ M1M1/ Rvvdug/ K1/ Yxrqj/ T1/ 4<<81 Hfrqrphwulfv ri Iluvw0Sulfh Dxfwlrqv1 Hfrqrphwulfd 96/
<860<;31
Od￿rqw/ M1M1 Yxrqj/ T1/ 4<<61 Vwuxfwxudo Hfrqrphwulf Dqdo|vlv ri Ghvfhqglqj Dxfwlrqv1 Hxurshdq
Hfrqrplf Uhylhz 6:/ 65<06741
Ol/ W1/ L1 Shuuljqh dqg T1 Yxrqj/ 53351 Vwuxfwxudo Hvwlpdwlrq ri wkh D!oldwhg Sulydwh Ydoxhv Prgho1
Udqg Mrxuqdo ri Hfrqrplfv/ 66/ 4:404<61
PfDihh/ U1 S1/ PfPloodq/ M1/ 4<;91 Elgglqj iru Frqwudfwv= D Sulqflsdo0Djhqw Dqdo|vlv1 Udqg
Mrxuqdo ri Hfrqrplfv 4:+6,/ 659066;1
PfDihh/ U1 S1/ PfPloodq/ M1/ 4<;:1 Dxfwlrqv dqg Elgglqj1 Mrxuqdo ri Hfrqrplf Olwhudwxuh 58/
9<<0:6;1
Sdduvfk/ K1 M1/ 4<<51 Ghflglqj ehwzhhq wkh Frpprq dqg Sulydwh Ydoxh Sdudgljpv lq Hpslulfdo
Prghov ri Dxfwlrqv1 Mrxuqdo ri Hfrqrphwulfv 84/ 4<405481
Srzhoo/ M1O1/ M1K1 Vwrfn/ dqg W1 P1 Vwrnhu/ 4<;<1 Vhplsdudphwulf Hvwlpdwlrq ri Lqgh{ Frh!flhqwv/
Hfrqrphwulfd/ 8:+9,/ 4736047631
Srzhoo/ M1 dqg W1 P1 Vwrfnhu/ 4<<91 Rswlpdo Edqgzlgwk Fkrlfh iru Ghqvlw|0Zhljkwhg Dyhudjhv1
Mrxuqdo ri Hfrqrphwulfv/ :8/ 5<406491
Uloh|/ M1 J1/ Vdpxhovrq/ Z1 I1/ 4<;41 Rswlpdo Dxfwlrqv1 Dphulfdq Hfrqrplf Uhylhz :4+6,/ 6;40<51
Vlprqr￿/ M1 V1/ 4<<91 Vprrwklqj Phwkrgv lq Vwdwlvwlfv1 Vsulqjhu Vhulhv lq Vwdwlvwlfv/ Qhz \run/
Vsulqjhu0Yhuodj1
\dwfkhz/ D1/ 4<<;1 Qrqsdudphwulf Uhjuhvvlrq Whfkqltxhv lq Hfrqrplfv1 Mrxuqdo ri Hfrqrplf
Olwhudwxuh 69/ 99<0:541
58Dsshqgl{= Frqvwuxfwlrq ri wkh Vlqjoh Lqgh{
Zh xvh d vlqjoh lqgh{ prgho wr wdnh lqwr dffrxqw wkh khwhurjhqhlw| dfurvv wkh wudfwv dv zh h{sodlqhg
ehiruh1 Zh suhvhqw rxu fkrlfhv iru wkh nhuqho edqgzlgwk dqg wkh rswlpdo edqgzlgwk khuhdiwhu iroorzlqj
K￿ugoh dqg Wv|ednry +4<<6, dqg Srzhoo dqg Vwrfnhu +4<<9,1 Wkh rughu ri wkh nhuqho +ghqrwhg S, vkrxog
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Zh zloo xvh d soxj0lq hvwlpdwru ri wkh rswlpdo edqgzlgwk dv ghvfulehg lq Srzhoo dqg Vwrfnhu +4<<9, exw
zh kdyh wr dgdsw wkh irupxodh iru rxu fdvh zkhuh wkh qxpehu ri elgv gl￿hu iurp dxfwlrq wr dxfwlrq1


































































zkhuh ￿ lv d srvlwlyh qxpehu gl￿huhqw iurp 4 +zh fkrrvh 5, dqg ￿+kq4, lv wkh hvwlpdwru ri ￿ rewdlqhg






O ￿ +kO,f @ 4 zlwk f @p d { + ￿ .5n .7 >5S . n .5,iru ￿A3
Zh fkrrvh ￿ @4dqg wkhq zh kdyh f @4 6 = Wkh lqlwldo ydoxh iru wkh edqgzlgwk kO vdwlv￿hv wkh deryh
frqglwlrq5< dqg lv htxdo wr kO @ vwgf+{, ￿ O￿4@59 @+ 3 =;87>3=;87>3=;87,= Xvlqj wkh irupxodh +4;,/ zh
￿qg iru wkh rswlpdo edqgzlgwk k @+ 4 =747>4=5<;>4=4:6,= Rxu hvwlpdwru ri wkh vlqjoh lqgh{z l o ow k h qe h
d frqvlvwhqw hvwlpdwru ri ￿ dqg O4@5+e ￿ ￿ ￿, lv dv|pswrwlfdoo| qrupdoo| glvwulexwhg zlwk phdq 31W k h
hvwlpdwru ￿ ri wkh vlqjoh lqgh{ xs wr d vfdoh lv irxqg wr eh htxdo wr e ￿ @+ 4 =333>￿7=36:>53=459,1
Fkrlfh ri Nhuqhov dqg Edqgzlgwkv iru wkh Hvwlpdwlrq ri wkh Ghqvlwlhv dqg Glvwulexwlrqv ri Elgv dqg
Frvwv
Wkh fkrlfh ri wkh nhuqho grhv qrw uhdoo| pdwwhu dv orqj dv wkh nhuqho lv gh￿qhg rq d frpsdfw vxssruw




+4 ￿ x5,54 L+mxm￿4,
Wkh fkrlfh ri d edqgzlgwk uhtxluhv/ krzhyhu/ pruh dwwhqwlrq1 Lq sduwlfxodu/ d wrr odujh edqgzlgwk
whqgv wr ryhuvprrwk wkh hvwlpdwhg ghqvlw|/ zkloh d wrr vpdoo edqgzlgwk whqgv wr xqghuvprrwk wkh
hvwlpdwhg ghqvlw|1 Pruhryhu/ d odujh edqgzlgwk whqgv wr lqfuhdvh wkh eldv ri wkh hvwlpdwru zkloh d
vpdoo edqgzlgwk whqgv wr lqfuhdvh lwv yduldqfh1 Ilqdoo|/ wkh edqgzlgwkv gh￿qh wkh xqlirup frqvlvwhqf|
udwh ri wkh hvwlpdwruv1 Ohw O @9 4eh wkh qxpehu ri dxfwlrqv1 Zh dvvxph wkdw wkh ghqvlw| i+￿, dgplw
U erxqghg frqwlqxrxv ghulydwlyhv1 Ehfdxvh wkh nhuqho ixqfwlrq kdv wr eh ri rughu U .4 / zh dvvxph
5<Wkhuhiruh/ zh doorz ￿u wr frqyhujh wr 3 dw d gl￿huhqw udwh wkdq wkh rswlpdo edqgzlgwk dv uhtxluhg lq Srzhoo dqg
Vwrfnhu +sdjh 644,1
5:U @4 1 Wkh elzhljkw nhuqho lv ri rughu 51 Wkh edqgzlgwkv duh ri wkh iroorzlqj irup iru wkh ￿uvw dqg
vhfrqg vwhs ri rxu hvwlpdwru
kJ @5 =::;￿}+94,￿4@8>k js @5 =::;￿s+78:,￿4@9>
kj} @ ki} @5 =::;￿}+O,￿4@9>k is @5 =::;￿f+78:,￿4@9>
Wkh frqvwdqwv duh ghwhuplqhg e| wkh vr0fdoohg uxoh ri wkxpe1 Qdpho|/ wkh frqvwdqwv duh htxdo wr
5=956 ￿ 4=39a ￿/ zkhuh a ￿ lv wkh hpslulfdo vwdqgdug ghyldwlrq ri revhuydwlrqv1 Wkh idfwru 51956 lv d
fruuhfwlrq gxh wr wkh xvh ri d elzhljkw nhuqho lqvwhdg ri d Jdxvvldq nhuqho +vhh Kdugoh +4<<4, iru pruh
lqirupdwlrq rq edqgzlgwkv fkrlfh,1 Zh ￿qg wkh iroorzlqj ydoxhv iru wkh edqgzlgwkv
kJ @5 7 =67 >k js @4 =83 >k j} @ ki} @5 : =<5 >k if @4 =85






















4<<3 46185 45144 64/<53 5168 8158
4<<4 45197 4418: 64/447 5198 ;1;:
4<<5 44195 44138 67/83: 614; ;14:
4<<6 44184 43146 65/7:: 515: 919:
4<<7 ￿5< ￿￿ ￿ ￿
4<<8 44186 43165 6;/<73 61;3 :133
4<<9 4317< 43134 6:/867 6137 9133
4<<: 43145 <16: 69/4:6 619: 431;6
4<<; 4313: <179 65/46: 51<6 919:

















Wdeoh 6= Ryhudoo Vwdwlvwlfv
Yduldeohv Phdq Vwg Huuru Plq1 Pd{1 & ri Rev1
Elgv +lq ’2p, 44195 4183 ;173 4917< 78:
Frvwv +lq ’2p, 44148 4185 81;; 47164 78:
Zlqqlqj Elgv +lq ’2p, 431:6 414; ;173 451;; 94
& ri Dfwxdo Elgghuv shu Dxfwlrq :17< 5175 5 47 94
5<Qr dxfwlrq zdv rujdql}hg lq 4<<71
5<Wdeoh 7= Fkurqrorjlfdo Hyroxwlrq ri Wkh Yduldeohv Xqghu Vwxg|
4<<304<<5 4<<604<<9 4<<:04<<;
Phdq ri Zlqqhu*v Elg +’@p, 44194 43146 <17
Phdq ri Zlqqhu*v Frvw +’@p, 431<4 <184 ;19<
Phdq ri Zlqqhu*v Uhqw +’@p, 31:3 3195 31:4
Phdq ri Dfwxdo Qxpehu ri Elgghuv :1:5 9176 <177
Yduldqfh ri Frvwv 31;: 319; 3187
Phdq ri Vl}h ri Whuulwru| +np, 6517 6:17 671;
Frqwudfwv +: 58np, : 58np A 58np A 58np




Frvw wr wkh Flw|
plqxv
Frvw wr wkh Vxssolhuv
31477 31398 3138: 317;8
Frvw wr wkh Flw|
plqxv
Uhvhuyh Sulfh
31338 31334 31335 3133;
Iljxuh 4= Vlqjoh Lqgh{
63Iljxuh 5= Ghqvlwlhv ri Elgv iru wkh 58wk/ 83wk dqg :8wk shufhqwloh
Iljxuh 6= Ghqvlwlhv ri Frvwv iru wkh 58wk/ 83wk dqg :8wk shufhqwloh
64Iljxuh 7= Frqglwlrqdo H{shfwhg Elgv dqg Frvwv zlwk Uhvshfw wr ]
Iljxuh 8= Phdq ri Zlqqhu Elgv dqg Svhxgr0Frvwv
65